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JVlessage from the Center “Director

July I, 2002, marked the Centennial of the 1902 Biologics Control Act, an event of great signifi-
cance in the history of public health. This year, the Department of Health and Human Services
(HHS), Food and Drug Administration (FDA), and Center for Biologics Evaluation and Research
(CBER)) commemorate passage of the Act and 100 years of biologics regulation. The Act
established the authority to regulate biological products and ensure their safety for the American
public. Until that time, biologics were not subject to federal oversight and lacked standards for

quality, safety, purity, and potency.

As is sometimes the case, the Biologics Control Act was passed as a result of tragedy. In 1901,
13 children died after receiving diphtheria antitoxin contaminated with tetanus. The Act provided,
for the first time, a legislative framework for the regulation of biologics and a means to protect

Americans from unsafe products‘

Since passage of the Act, CBER has established a proud record of regulatory stewardship and
research accomplishments. CBER's history illustrates how science and innovative regulation go
hand in hand. As part of HHS, CBER works closely with other Department agencies to achieve
the goals set forth by HHS to ensure a strong public health safety net for all Americans. I believe
that CBERs tradition of integrating innovative science with innovative regulation has enhanced our

ability to protect the public health, and has led to safer and more effective biological products.

This book describes the rich history of biologics regulation, highlights key research contributions
made by CBER scientists over the last 100 years, and offers a glimpse into the exciting and
challenging future of biomedical discoveries and regulation. I am humbled, yet very proud to be a
part of CBER’s legacy and invite you to join me on this historic journey. CBER welcomes the
future, its challenges and opportunities, and will build upon its record of success by ensuring

another 100 years of safe biological products.
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[ntroduction

The regulation of biologics by CBER is founded on both science and law. Throughout the 20th
century, developments in biologics regulation have been made possible by advances in scientific
knowledge. As stated by Paul Parkman, MD, a former CBER Director, CBER “is a science-based
organization that regulates biological products. It has to have a strong scientific component and a
strong regulatory program melded together.” Thus, many CBER staff are both researchers and reg-
ulatory reviewers. John Finlayson, PhD, Associate Director for Science, Office of Blood Research
and Review, believes that “our excellence in CBER is a direct result of the fact that people are
expected to wear many hats at the same time,” and hopes that “the researcher-reviewer model can

be preserved into the future.”

This publication chronicles the long scientific history, as well as the 100 years of legislative
history, related to biologics. In addition, it emphasizes the importance of the interactive relation-
ship between science and law—a relationship that CBER has used effectively to make life-saving
biological products available throughout the 20th century and will continue to use throughout

the 2Ist century.
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SCience and Peace will triumpb
over ignorance and war,

nations will unite, not to destroy,
but to build, and the future

will belong to those

who will have done most

for suffering lmmanity.

P R O DU CTS REGULATI ON

g s F
e 'F 1
u L7 A
T
o 4
&y
Biotechnology Era CBER
FDAMA
1980’s 1988 1997
1973 1982 1992 2002
New Provisions National Center for PDUFA
of PHS Act Drugs and Biologics
’ [
-



C B E R

THe CENTER FOR

BiorLoaGics

EVALUATION AND

RESEARCH

Division of Biologics
Standards staff photo

6

The Center for Biologics Evaluation and
Research (CBER ) within the Food and Drug
Administration (FDA) is responsible for
ensuring the safety, purity, potency, and efficacy
of biological and related products (biologics)
intended for use in the diagnosis, prevention,
treatment, or cure of diseases in humans, and
for ensuring the safety of the nation’s supply
of blood and blood products. Biologics are
substances either derived from living organ-
isms—including humans, animals, plants, and
microorganisms—or produced by biotechnol-
ogy. In addition, they can be combinations of
these substances. Biologics include vaccines,
blood and blood products, antitoxins, aller-
genic products such as patch tests and extracts,
certain tissues, diagnostic devices for HIV
and hepatitis, and biotechnology-derived
therapeutic products for cancer, arthritis, and
other conditions. The number of biologics
regulated by CBER is expanding rapidly
because of the remarkable growth of research
in biotechnology and scientific advances such

as completion of the Human Genome Project.

CBER scientists directly support regulatory
decisions by carrying out a wide range of
activities that begin with premarket product
review, continue throughout all aspects of
product production, and extend to postmarket

review and follow-up.

To fulfill its regulatory
responsibilities, CBER:

m Conducts premarket review of new prod-
ucts, as well as review of new indications for
already approved products, to ensure that they

are safe and effective;

m Facilitates establishment of industry-wide
standards and methods, and encourages indus-
try-wide adoption of new technologies—
activities that contribute to the improvement
of existing products and the development of

new products;

m Conducts establishment inspections and
product surveillance to ensure that licensed
products are in full compliance with appropri-

ate laws and regulations;

m Formulates policy through open
communication, public dialogue, scientific and
regulatory workshops, and participation in sci-

entific, regulatory, and ethics fora;

® Anticipates public needs and supports
informed decision-making in prevention of,

and response to, public health crises; and

m Demonstrates international leadership in
regulation through development of innovative
regulatory strategies and standards, coordinat-

ed research, and the use of partnerships.

The Mission of the Center for Biologics Evaluation and
Research is to protect and enbance the public health through
the regulation of biological products, including blood, vac-
cines, therapeutics, and related drugs and devices, according
to statutory authorities. The regulation of these products is
Sfounded on science and law to ensure their purity, potency,

safety, efficacy, and availability.

CBER Leadership

Between 1887 and today,
biologics regulation has been led by

the following directors:

Joseph J. Kinyoun, 1887-1899
Milton J. Rosenau, 1899-1909
John F. Anderson, 1909-1915
George W. McCoy, 1915-1937
Walter T. Harrison, 1937-1940
Milton V. Veldee, 1940- 1949
William G. Workman, [949-1955
Roderick Murray, 1955-1972
Harry M. Meyer, Jr,, 1972-1987

Paul D. Parkman, 1987-1991

Gerald V. Quinnan, Jr,, 1991-1992 (Acting)

Kathryn C. Zoon, 1992-present




FroM THE LABORATORY OF
Hyaciene To CBER

The regulation of biologics and the research
necessary to support such regulation was dele-
gated to the US. Treasury Department’s
Hygienic Laboratory of the Public Health and
Marine Hospital Service, under the provisions
of the Biologics Control Act of 1902. As the
Hygienic Laboratory evolved into the CBER
of today, its name also evolved to reflect
changing responsibilities. The progression of
names is given here. These names are used

throughout the publication.

Dr. Ida Bengtson, bacteriologist
in the Hygienic Laboratory, 1916
Courtesy of National Library of Medicine

| 8 8 7Laboratory of Hygiene of the
Marine Hospital Service (MHS)

| 89 | Laboratory of Hygiene renamed
Hygienic Laboratory, still of the MHS

| 9 02 Hygienic Laboratory of the
Public Health and Marine Hospital Service
(PH-MHS)

| 9 3 O Hygienic Laboratory renamed
National Institute of Health (NIH)

| 9 3 7Division of Biologics Control
(DBC) formed within NIH

| 944 DBC renamed Laboratory of
Biologics Control (LBC)

| 948 LBC incorporated into National
Microbiological Institute (NMI), NIH

| 9 5 5 LBC becomes Division of

Biologics Standards (DBS), an independent
entity within NIH; NMI renamed the
National Institute of Allergy and Infectious

Diseases

| 9 72 DBS transferred from NIH to
FDA; becomes Bureau of Biologics (BoB)

Division of Biologics Standards

Lab of Viral Immunology

| 9 8 2 BoB merged with Bureau of

Drugs to form National Center for Drugs
and Biologics (NCDB)

| 9 83 Biologics component of NCDB
renamed Office of Biologics Research and
Review (OBRR) within Center for Drugs
and Biologics (CDB)

| 9 8 8 CDB separated into two Centers;
Center for Biologics Evaluation and
Research (CBER) (formerly OBRR) and
Center for Drug Evaluation and Research
(CDER)

U. S. Treasury
Organizational
Chart, 1926
Courtesy of National

Library of Medicine

Dedication ceremony of Building 29.

Dr. Roderick Murray greets the King and
Queen of Thailand. DHEW Secretary
Arthur Flemming looks on.



Tue BEGINNING OF Broroaics

Imagine living in the mid-18th century, when
infectious disease epidemics were common
and survival depended solely on a person’s
resistance—the body’s natural ability to fight
back against disease-causing bacteria and
viruses. Imagine not knowing that tiny, unseen
disease agents exist and that, although most
are harmless, some are pathogens that cause
infectious human diseases such as smallpox,
cholera, rabies, diphtheria, plague, typhoid,
tuberculosis, and many others. We who live in
the 21Ist century are fortunate that the exis-
tence of a pathogen-disease relationship has
been recognized, aﬂowing biomedical science
to make enormous strides leading to the pre-

vention of many infectious diseases.

Above, right
Medieval alchemist
Courtesy of National Library

of Medicine

Below, right

House sign, ca. 1910-1919
Courtesy of National Library
of Medicine

Cholera, one of the most
feared epidemic diseases
of the 19th century

Courtesy of National Library

of Medicine

Vaccination from the Calf
Courtesy of National Library

of Medicine

The Speckled Monster

Smallpox (the “speckled monster”) was a
feared infectious disease that was frequently
fatal. Smallpox caused about 10 percent of all
deaths in 18th-century Europe; in London,
about 80 percent of children younger than five
who developed smaupox died. Early on, people
noticed that those who survived smallpox
seemed to be protected against the disease.
Based on this observation, they often used the
practice of “variolation”—putting pus or
ground scabs from a person with mild small-
pox into a healthy person, through the nose or
skin. The practice of variolation was intro-
duced into England in 1717. In 1721, it was
first used in North America to stop a small-
pox epidemic in Boston. These variolation
efforts were carried out by Zabdiel Boylston,
MD, who showed that the risk for death from
variolation was about 2%. The risk of death
from smallpox was about 15%. Many were
reluctant to use the procedure, including
Benjamin Franklin, whose 4-year-old son died
of smallpox in 1736.

However, after seeing the

procedure’s effectiveness,

Franklin became an advocate

for variolation and for

educating the public about

it through simple written

materials.

In 1796, in a historic scien-

tific breakthrough, the English physician
Edward Jenner discovered that immunity to
smallpox could be achieved by deliberately
infecting a person with cowpox, a mild disease
that did not have the serious side effects of
variolation. This was the first “vaccination.” By
1800, Jenner’s vaccination technique for small-
pox had spread to Europe and Benjamin
Waterhouse had introduced the technique into
the United States, where it became widely
used in Boston, New York, Philadelphia,

and Baltimore.

To help prevent fake smallpox vaccine from
being marketed, James Smith, a Baltimore
physician, persuaded Congress to pass The
Vaccine Act of 1813—the first federal law for
any medical substance. The Act authorized the
President to appoint a smallpox “vaccine
agent” who would preserve and furnish “gen-
uine vaccine matter” to people who requested
it. The Act was repealed in 1822, however,
returning smallpox vaccine control to local
authorities, after vaccine furnished by Smith
(the first and only vaccine agent) was believed
to have been the cause of an outbreak of

smallpox in North Carolina.
Early Research in Bacteriology

Between 1800 and 1900, many great scientists
from various countries conducted innovative,
sometimes controversial experiments leading to
discoveries that were critical for developing
biologics to prevent disease. In the second half
of the I9th century, French chemist and

microbiologist Louis Pasteur and German

physician Robert Koch laid the foundation for
the science of bacteriology and its application.
Pasteur showed that microorganisms were
required for fermentation and deterioration of
foods and beverages. Also, he isolated the bac-
teria for certain silkworm diseases. In a major
advance in 1879, he prepared the first labora-
tory-produced vaccine by using weakened
chicken cholera bacteria to protect fowl against
the disease. At about the same time, Koch was
investigating the cause of anthrax. He perfect-
ed pure-culture techniques to isolate the
anthrax bacterium and proved that it caused

anthrax disease in laboratory animals. Using



Koch’s discovery to good advantage, Pasteur
developed a weakened-bacterium anthrax vac-
cine in 1881 that protected animals. He then
turned his attention to rabies, for which he

developed an effective weakened-virus vaccine

in 1883.

While Pasteur was doing vaccine research,
Koch was concentrating on identifying disease
bacteria; he isolated the organisms that caused
tuberculosis (1882) and cholera (1883). In
1884, he published a paper on the tuberculo-
sis organism that described the steps necessary
to establish its pathogenic nature, steps now
known as “Koch'’s postulates.” These included:
demonstrating the presence (by staining) of
the organism in tubercular lesions in various
human and animal organs; cultivating the
organism in pure culture in blood serum; and
producing tuberculosis at will by inoculating

guinea pigs with the organism.

Robert Koch, 1932
Courtesy of National Library

of Medicine

US. scientists also were doing bacteriology
research during this period. American bacteri-
ologists Theobald Smith and Edmund Salmon
introduced a new vaccine concept by preparing
an effective vaccine from hog cholera bacteria
killed by heat. Their work on “killed-bacteri-
um vaccines,” published in 1886, led to the
development of human “killed” vaccines for
typhoid, cholera, and plague by the beginning
of the 20th century.

Right

Edward Jenner

Courtesy of Blocker Medical Library, The
University of Texas Medical Branch,

Galveston, Texas

Edward Jenner
prepares to inoculate
ayoung woman, 1802

The First Smallpox Vaccination Experiment

Inl 79(), Edward ]cnnm; a rural pbysin’mz in C[omﬂslers/ﬂrﬁ, Eﬂgland, made the fim‘ S[it’?l[y[if attempt to control
snmllpox by deliberate inoculation—a term we now understand to mean 1'nt7'od14[1'ng a f/z'smse-mmiqg organism
into a person to stimulate the production of antibodies protective for the disease. Jenner based his experiment on obser-
vations that p[?OPZE who had Styj‘md an attack g( COWpox, a harmless disease contracted from mtt[e, did not later
develop smallpox. He used an inoculation procedure that was extremely rudimentary compared with modern-day
techniques. He took pus from cowpox lesions on the hand of a dairymaid, Sarab Nelmes, and “inoculated” an 8-
ymr—old boy, Thomas P}Jipps, by putting the material into two cuts on his arm. The boy became slgg/zlb: ill over the
next nine days and recovered by the tenth day. Six weeks later, Jenner “inoculated” the boy with pus from smallpox
lesions. As Jenner bad hoped, the boy did not develop smallpox. He concluded that cowpox protected against smallpox.
In other experiments, he later showed that cowpox could be de]ibfmlﬂ]y transmitted ﬁ'om person to person as a way
of providing protection. Jenner called the cowpox material vaccine, from the Latin vacca (cow), and called the process
vaccination. In 1798, be published a book entitled An Inquiry Into the Causes and Effects of the
Variolae Vaccinae that described his vaccination results. In bis book, Jenner states, “Thus Sfar have I proteedfd in
an inquiry fomzdfd...on the basis sz fxpzrimmt;.,,l shall m’ysey‘ continue to prosecute this inquiry, mmumged b’y the
hope of its becoming essentially beneficial to mankind” Despite some opposition and failures caused by not following

Jenner’s procedure correctly, vaccination for smallpox quickly became an accepted practice. Dr. Benjamin Waterhouse

Investigating Disease Immunity

During the years when some scientists were
identifying bacterial causes of disease and
developing disease vaccines, others were trying
to explain what happens in the body to pro-
duce disease immunity. In 1884, Ilya
Metchnikoff (Russian) showed that certain
body cells (phagocytes) consumed and
destroyed invading bacteria and other foreign
proteins (antigens) and proposed his theory of
“cellular immunity.” In 1891, Paul Ehrlich

introduced mm//pox vaccination into the United States ( Boston) in 1800.

(German) suggested that antibodies (molecules
formed by the body to attack antigens) also
have a key role in immunity and later pointed
out that active and passive immunity differ.
Active immunity is acquired when the body’s
own tissues produce antibodies against a dis-
ease, resulting from either an attack of or
exposure to the disease, or from inoculation of
a vaccine consisting of weakened or killed
pathogens. Passive immunity is acquired when
people are injected with the antibodies them-

selves, which may be of animal or human origin.



Louis Pasteur: An Extraordinary 19th Century Scientist

Louis Pasteur, a French chemist and microbiologist, was an extremely skillful scientist who made significant contri-
butions to human health and [oinfidenmlly to the 191‘/)—[571[14137 wine, beer, and silk industries. His experiments
helped to lay the groundwork for bacteriology—the science of bacteria and their relationship to medicine, industry,
and agriculture. Pasteur proved that microorganisms cause fermentation, a chemical change that produces alcobol and
carbon dioxide. He disprowd the l/‘mory of “sponmneom genemtion,” the concept that bacterial ly% arose sponmneously.
Also, he developed the process that came to be known as pastewrization, which is the destruction of harmful bacteria
by beat, and developed vaccines for chicken cholera, anthrax, and rabies. In 1879, Pasteur left a chicken cholera
culture exposed to air over a long sumimer boliday. He fomld that the mlth) when weakened by exposure to air,
protected fowl inoculated with it against chicken cholera. This was the first vaccine developed in a laboratory. At the
same time, Pasteur was developing a vaccine for the anthrax bacterium. In a well-controlled experiment in 1881, Louis Pasteur

Pasteur inoculated 24 sheep, one goat, and six cows with weakened anthrax bacteria. All of the animals remained Courtesy of Blocker Medical

healthy. He then challenged these animals, and others that had not been inoculated, with the virulent antbrax. In this Library, The University of Texas

experiment, be showed that all inoculated animals remained alive, whereas the uninoculated animals died. Pasteur’s Medical Branch, Galveston, Texas
work with the chicken cholera and anthrax vaccines demonstrated that it was possiblﬁ fo use systematic prowdwes to
make reproducible vaccines. His research on a rabies vaccine began in 1886. Using brain tissue from infected dogs,
Fasteur developed a weakened rabies virus that be used in 1886 to inoculate a nine-year-old boy, Joseph Meister, who
had been bitten by a rabid dog. ln[rodming an actual disease virus, even a weakened virus, into a buman was /;{g/zl)}

controversial at the time. However, the experiment with Joseph Meister was a clear success that was confirmed by

many subsequent successes and that helped save many others from rabies.

Serum therapy, a practical application of pas-

sive immunity, proved to be a valuable

approach for fighting diphtheria, a major cause

of illness and death before the 20th century.

At the Pasteur Institute in 1888, Emile Roux

and Alexandre Yersin isolated a powerful toxin Production of diphtheria

from the diphtheria bacterium and showed antitoxin by inoculating

. . . horses required great care
that 1t harmed tissues and organs‘ ThIS paved q g

to maintain purity and avoid

the way for the work of Emil von Behring and .
contamination

Shibasaburo Kitasato at Koch’s laboratory in Courtesy of National Archives and
Berlin. In 1890, they found that injecting a Records Administration

small dose of diphtheria toxin (an antigen)
into animals produced a serum containing N
antitoxins (antibodies) that provided immunity The First Heat-Killed Vaccine
to people inoculated with the serum. In 1894,

Roux reported that large quantities of diph- Vaccines made from killed or inactivated microorgan-

theria antitoxins could be produced in horses isms are safer than attenuated vaccines, which are

Large—scale pro duction and use of the antitox- made from weakened, but live, microorganisms. There

in serum began in Europe at this time. The is a small chance that an attenuated vaccine might

Production of diphtheria antitoxin first biological standard in the world, a diph- cause the disease it is designed to prevent. Therefore,

Courtesy of National Archives and Records development of the first heat-killed vaccine—a vac-

theria antitoxin serum reference standard, was
Administration prepared by Paul Ehtlich in 1897. cine prepared from microorganisms killed by elevated

temperature—was a major step in vaccine develop-
ment. This took place in the United States in the
mid-1880s, through the efforts of Theobald Smith
and Edmund Salmon. They developed a heat-killed
vaccine fmm the bacterium that causes /)og cholera.
The vaccine, tested by injecting it into pigeons, was
found to be effective in protecting the birds against the
disease. Smith and Salmon, who were working Sfor the
Us. Department of Agrimltme at the time of their
discovery, published their work on the beat-killed hog
cholera vaccine in 1886. As sometimes happens in
research, scientists from Pasteur’s [a/zomtory in Paris
independently published an article on beat-killed vac-
cines in late 1887, about 16 months after the
report of Smith and Salmon. The original work on
heat-killed vaccines proved to be highly valuable and
led to the developmem fy[ killed vaccines for several

buman infectious diseases—typhoid, cholera, and

plague—in the late 1890s.
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The Public Health Service
Hygienic Laboratory

The Marine Hospital Service (MHS), the original
public bealth agency, was established in 1798 to pro-
vide kospiml care fo*/ merchant seamen. It also pro-
tected port cities against diseases such as smallpox,
cholera, and yellow fever. Joseph Kinyoun was a
young MHS medical officer who toured the research
centers of Europe to learn the latest techniques for
[ontrolling infectious diseases. Determined to apply his
ntw~found /mow[m’gt to improving pub/if health in
the United States, be established one of the country’s
first bacteriological laboratories in 1887 in the MHS
Marine Hospital on Staten Island, New York. This
one-room “Laboratory of Hygiene,” with Kinyoun as
director, was the bfgirming of medical Zal:omtory
research in the US. Public Health Service. In 1891,
the Laboratory of Hygiene was moved to Washington,
D.C. and renamed the “Hygienic Laboratory.” Soon
after, Kinyoun again visited Lurope and, at the
Fusteur Institute in Paris, learned the procedure for
preparing dl’p/}l/)e‘fia antitoxin. On returning to the
United States, he pn’pawa’ an antitoxin serum to be
used by the MHS and demonstrated its production

fo representatives g‘ local and state health boards. In a
report to the U.S. Surgeon General in 1895,
Kinyoun noted that all serum intended for sale should
be made and tested Z?y competent and disinterested
persons, mu/\’ing an mrly p[m for the establishment qf
a regulatory service. Beginning in 1899, under new
director Milton Rosenau, the Hygienic Laboratory
fxpundcd into a research organization with divisions
of chemistry, bacteriology and pathology, zoology, and
p/mrmatology. Recognizing its importance, Congress
authorized $35,000 in 1901 for construction of a
new building, in which the Laboratory could investi-
gate “infectio%s and contagious diseases and matters
pertaining to the public health.” The Hygienic
Laboratory ultimately evolved into the National
Institute of Health.

Officials and scientists in the United States
had paid close attention to the compelling
evidence presented in Europe that specific
microorganisms caused specific infectious
diseases and to the vaccination techniques
developed to control these diseases. Joseph
Kinyoun, a medical officer in the Marine
Health Service, played a key role in bringing

this new technology to America.

As the end of the 19th century neared, scien-
tists had identified almost two dozen disease
pathogens and introduced many fundamental
concepts of bacteriology, vaccinology, and
immunology to biomedical research. The state
of the science at this time provided a strong
research base for further development

of biologics.

Joseph ). Kinyoun, MD, founder
of the Hygienic Laboratory
Courtesy of National Institutes of Health

U. S. Marine Hospital
No. 21, NY

Courtesy of National
Library of Medicine
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Old Public Health Service

record of typhoid culture

Tue EarLy YEaRrs OoF Broroaics
REGuLATION AND DEVELOPMENT

The discoveries in bacteriology, vaccinology,
and immunology that were taking place at the
brink of the 20th century were tremendously

exciting. Equally exciting to many was the

prospect of being able to apply these discover-
ies to prevent and treat dangerous diseases.
Live vaccines were being used worldwide for
smallpox and rabies, heat-killed vaccines for
cholera, typhoid, and plague, and antitoxins
for diphtheria and tetanus. The results were
dramatic. In large US. cities, for example, the
number of deaths from diphtheria decreased
by 50 to 70 percent between the early 1890s
and the early 1900s, and by more than 99
percent by the early 1940s. In the Spanish-
American War of 1898, T in 5 American sol-

Refluz Apparatus.
Used in 1970’s to
early 1980’sby a
team of biochemists
under Dr. Darrell Liu
to determine the
amino acid sequence
of proteins, and

the structure of
bacterial polysaccha-

rides used in vaccines.

Virus-Toxin Law
(Biologics Control
Act), 1902

diers had typhoid fever. During World War I,
only I in 2000 developed this disease. And, in
World War I in 1914, tetanus occurred in 8
per 1,000 wounded British soldiers. After
development of routine tetanus antitoxin use
and careful wound management, however, this
rate fell to 1.5 per 1,000. U.S. forces entering
the war in 1917 benefited from the British
experience, and had a tetanus incidence of

only 0.16 per 1,000 wounded.

By 1895, laws regulating biologics had been
enacted by the governments of France,
Germany, Italy, and Russia. In part, these laws
dealt with licensing and inspection of prod-
ucts by government-approved laboratories,
proper labeling, and the accreditation of
manufacturing facilities. In the United States,
even though many were concerned about the
safety of biologics—because they were injected
and could have a rapid adverse effect if
contaminated—the rush to use these products
proceeded without regulatory safeguards.
Legislators acted after a tragedy occurred in
October 1901, when 13 children in St. Louis
died after being given diphtheria antitoxin that

was contaminated with tetanus.



The Biologics Control Act (1902)

As a result of the St. Louis tetanus outbreak
and similar (but smaller) occurrences of con-
taminated smallpox vaccine and diphtheria
antitoxin, Congress passed the Biologics
Control Act on July I, 1902, only a few
months after it was proposed—with virtually
no debate or opposition. This Act authorized
the Hygienic Laboratory of the Public Health
and Marine Hospital Service to issue regula-
tions that governed all aspects of commercial
production of vaccines, serums, toxins, anti-
toxins, and similar products, with the objective
of ensuring their safety, purity, and potency.
The Laboratory issued its first series of regu-
lations in 1903 and additional regulations in
1909 and thereafter, to strengthen control
over biologics production. Further, in 1934,
the Hygienic Laboratory—renamed the
National Institute of Health in 1930 by the
Ransdell Act—issued a regulation stating that
licenses to manufacture new biologics would
not be granted without evidence that the
products were effective. Overall, however, the
basic provisions of the 1902 Act served the
nation well throughout the 20th century.

The Federal Food and Drugs Act (1906)

In 1906, the Federal Food and Drugs Act
outlawed adulterated and misbranded foods
and drugs, but made no specific reference to
biologic drugs. In contrast to the quick pas-
sage of the 1902 Act, there had been 25 years
of heated debate before Upton Sinclair’s 1906
novel, The Jungle, which described the unsani-
tary conditions in Chicago’s meatpacking
industry, caused a public furor that helped
pass the law. The 1906 Act had some short-
comings. For example, the Supreme Court, in
a case involving “Dr. Johnson's Mild
Combination Treatment for Cancer,” ruled in
1911 that the Act did not prohibit false thera-
peutic claims, but only false and misleading
statements about the ingredients or identity of
a drug. As a result, Congress passed the
Sherley Amendment in 1912, which prohibit-
ed labeling medicines with false therapeutic
claims intended to defraud the purchaser, a

legal standard difficult to prove.

The Federal Food, Drug, and
Cosmetic Act (1938)

To strengthen consumer protection, the 1906
Act was replaced with the Federal Food, Drug,
and Cosmetic (FD&C) Act of 1938 after 107
people died from consuming “Elixir
Sulfanilamide,” a misbranded commercial
product that had been made using toxic dieth-

ylene glyCOI as a solvent instead Of alcohol,

The St. Louis Tetanus Epidemic

which is required in an “elixir” Under the
1938 FD&C Act, a biological product was
considered to be a drug, and parts of the Act,
such as those that concerned drug or device
adulteration or misbranding, were applied to
biologics. This Act, however, did not modify
or supersede the provisions of the 1902
Biologics Control Act. After 1938, the appro-
priate provisions of both Acts were used to

regulate biologics.

Dipklbm‘ia antitoxin was a fov’midab[ﬂ new weapon in the ﬂgbl against dipkl/)fria, a dmlgm'ous infectious disease.
But without proper standards to ensure its potency and purity, the antitoxin could be barmful instead of beneficial.
Medical workers and the puHif fxp7’cssed concern about the poor supervision of antitoxin proz{ufliom and the lack of
inspection and testing of the final product. Even though many believed that federal oversight was necessary, no action
was taken until a tragedy occurred. In 1901, when a serious diphtheria epidemic swept St. Louis, Missouri, victims
of the disease were Qiven antifoxin serum p7’cpm‘ed Sfrom horses. In late October, five—ymr—old Veronica Neill was
admitted to the city hospital and received two shots of diphtheria antitoxin. Several days later, on October 26, she
died from tetanus, a different infectious disease. Her doctor notified the St. Louis Health Commissioner that her
death Iikcly was caused [Jy tetanus-contaminated antitoxin pwpawd [Jy the fity’s Health Department. Distribution
of the antitoxin was stopped immediately. An investigation uncovered that a horse named Jim, which bhad provided
diphtheria antitoxin for three years, bad contracted tetanus and bad been killed. The contaminated serum from this
horse should have been dﬂstroyﬂd, but was not. lmlmd, it was a[fidem]y bottled and issued to doctors to use in treat-
ing diphtheria patients. Thirteen children died from tetanus as a result of receiving this serum. Although the St. Louis
disaster was the worst, it was not the only such incident. Also in the fall of 1901, nine children in Camden, New
‘/Msz’y, died from tetanus as a result g‘ receiving contaminated 511mllpox vaccine. These events spum’d Congms into
action. The Bz’o[ogi[s Control Act was pﬂssz’d qm’c/«[y and without notable opposition, and sx'gm’d into law by
President Theodore Roosevelt on July 1, 1902.

Courtesy of National Library

of Medicine

13




First biologics license, Parke,
Davis and Company, 1903
Courtesy of Pfizer, Inc.

Implementing the Biologics Control Act

Between 1903 and 1907, the Hygienic
Laboratory established standards and issued
licenses to pharmaceutical firms for making
smallpox and rabies vaccines, diphtheria and
tetanus antitoxins, and various antibacterial
antiserums. After 1907, many firms also start-
ed producing antibacterial vaccines. Beginning
in 1917, the Laboratory issued licenses for
making toxin products that provided immuni-
ty, for example: diphtheria toxin mixed with
antitoxin [1917]; scarlet fever toxin [19257;
diphtheria toxoid [1926]; tetanus toxoid
[1933]; additional antitoxins such as botu-
linum [1921], scarlet fever streptococcus
[1925], gonococcus [1927], and perfringens
and other gas gangrene-causing bacteria
[1931-1939]; and human bacterial and viral
antisera for pertussis, poliomyelitis, and

mumps [1939-1941].

Blood-letting
Courtesy of National
Library of Medicine
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Second biologics license, H. K. Mulford, Co.
Courtesy of Merck & Co., Inc.

Throughout these eatly years, as is still true
today, the 1902 Act stimulated scientific
research by the Hygienic Laboratory to
improve existing biologics and find better ways
of producing them, to develop standards for
new products, and to find immunizing agents
for all infectious diseases. Laboratory staff
made numerous significant contributions that
advanced the state of the science. For instance,
staff established the standards for botulinum
antitoxins and for gas gangrene antitoxins,
developed a practical method for preparing
serums to diagnose various types of pneumo-
nia, and developed an improved meningitis
serum potency test as well as a serum specific

for different types of meningitis bacteria.

The Biologics Control Act of 1902

In 1901, there were no mandatory federal manu-
facturing or product standards for biologics. The
deaths of 13 children in St. Louis in 1901 as a
result of receiving tetanus-contaminated r/ipbt]m*m
antitoxin, and other similar incidents, prompted
quick action by lawmakers. The Biologics Control
Act (also called the Virus-Toxin Law) was passed
on July 1, 1902, with little comment or publicity.
The Act mandated annual Zi[msing of establishments
to manufacture and sell vaccines, sera, antitoxins,
and similar products in interstate commerce.
Biologifs had to be labeled with the name of the
product, the name, address, and license number of the
manufacturer, and an expiration date for potency.
Production of biologifs had to be superviszd by a
gua[g‘ifd scientist. The Hygienic Labomlmy of the
Public Health and Marine Hospital Service was
authorized to conduct wgulur inspections of licensed
manufacturing establishments and to sample products
on the open market for purity and potency. The Act
included provisions for revocation or suspension of
licenses and for pmallits in cases of violations. Most
important, the Act empowered the government to
issue rules necessary to ezy‘omf the Act. The ﬁ‘fst 169~
ulations under the Act, which dealt with the issuance
of licenses and inspection, became effective on August
21, 1903. By 1904, 13 establishments had been
inspected and licensed, mostly for the sale of small-
pox vaccine and diphtheria antitoxin. The Hygienic
Labomtory tested the p‘fodmts g( licensed establish~
ments for purity and potency once a month. The Act
stimulated the growth of the Hygienic Laboratory.
Between 1904 and 1921, the number of staff
increased from 13 to 127 and the number of prod-
ucts monitored climbed to 102. Overall, the Act
improvfd the qmlity of [Jio[ogif p‘fodmts in the
marketplace, belped to restore confidence in these
products, stimulated research on biologics, and pro-
moted mutual respect and foopfmiion between the

ﬂd{’m/govemmmt ﬂﬁd []JL’ pkm’mucmtim/ 1‘11!{1’15[1}’.




Margaret Pittman and visitors to her lab

Early Blood Research

In addition to vaccines and antitoxins, the
Hygienic Laboratory’s regulatory responsibili-
ties extended to blood and any products made
from blood. During the first few decades of
the 20th century, scientists learned much
about how to use blood properly for medical
purposes. Early attempts at transfusion led to
serious adverse reactions. However, in 1901,
Austrian scientist Karl Landsteiner discovered
that individuals belonged to one of four
different blood groups (O, A, B, and AB), and
that transfusions between people in different
blood groups could be unsafe. In addition,
scientists developed suitable techniques for
collecting blood, separating the plasma, and
properly storing these products. In 1934, the
Laboratory—Dby then named the National
Institute of Health—issued the first licenses
to manufacturers for production of a human
blood product. The product was a preparation
of protein (called immunoglobulin G or IgG

in current terminology) from human placental

extracts, and was used for prevention of measles.

The considerable progress made in effectively

regulating and developing biologics during the
first four decades of the 20th century was put
to the test with the entry of the United States
into World War IT in 1941.

Karl Landsteiner
Courtesy of National Library
of Medicine

Pioneering Work on Haemophilus influenzae

Haemop/‘)ilws inﬂmnzae bacteria cause infections in humans ranging from asymptomatic respiratory infections to
serious diseases such as meningitis. Children are particularly susceptible to this pathogen. In the early 1930s,
Margaret Pittman, who retired from the Division of Biologics Standards in 1971 after 35 years of making
significant scientific contributions, was doing postgraduate work at the Rockefeller Institute (RI) for Medical
Research. While at the R she conducted pioneering research on the mz’m*obio/ogy and z'mnmnology of infections caused
by H. influenzae. She found that these bacteria existed in

two forms—enmpmlﬂt:’d (wit/y a spefz'al fouting) and

unencapsulated. The unencapsulated bacteria, which generally

caused either no illness at all or relatively mild respiratory

infections and mucosal infections (sm/a as siimsilz's),

frequently were found in the upper respiratory tract of

aduls. Pittman discovered six different varieties of the

enmpmlutﬁd H inﬂwnzaf organism and observed that only

the type b encapsulated variety seemed to cause serious

diseases in children, for example, meningitis, pnewmonia,

and septic arthritis. She idfnlyficd the material forming the

coating of the type b enmpm/med variety as a certain po[y-

saccharide, information that would be useful in developing

funm’ vaccines. Pittman’s work formed the basis for devel-

opment of an antiserum for invasive H. irﬂummf type b disease by Hattie Alexander and fo[/mgm’s at the
Columbia University College of Physicians and Surgeons, in the late 1930s. The antiserum was the first effective
therapy for this potentially fatal infection. The 1985 licensing of a polysaccharide vaccine for H. influenzae type b
for use in preschool-aged children, was a long~term outcome of Pittman’s early research on this pathogen. Research by
Jobn Robbins, MDD, and colleagues, conducted at the Bureau of Biologics in the 1970s — 19805, led to development
and liwming in 1987 of a polysu[{/}uridﬂ~prolm’n conjugate vaccine for H. inﬂmnzaf type b that providcd protec~
tion for infants, the group most at risk for disease. In 1996, Robbins and Rachel Schneerson, MD, received the
Albert Lasker Award for Clinical Medical Research for their work on the conjugate vaccine.

Above
John Robbins and Rachel Schneerson, winners of the Lasker Award, 1996
Courtesy of National Institutes of Health
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Bernice Eddy, PhD

Early Research on Influenza Vaccine

The influenza (flu) epidemic of 1918-19 caused
an estimated 20 million deaths worldwide. There was
little progress, however, in ﬂu research until a ﬂu
virus called Type A was finally isolated in England
in 1933 and in the United States in 1934. This
advance came from the use of embryonated chicken
eggs for recovering the virus—a new breakthrough
that allowed the preparation of vaccines. The most
common varieties of ﬂu are caused by the Type A ﬂu
virus. Researchers discovered a second kind of f/u
virus (Type B) in the 1940 flu epidemic. Flu vac-
cines made in the late 1930s and early 1940s were
not always effective, because no accurate test was
available to measure their potency. Even though flu
vaccine was not yet licensed for marketing, commer-
cial laboratories produced large amounts of flu vac-
cine for the US. Army during World War I1.
Because this vaccine was of variable z]uulily, Bernice
Eddy, a scientist at the Division of Biologics Control,
concentrated on developing the first reliable potency
test for ﬂu vaccine, so that mumg[aflwers could make
a uniform product with the desired effectiveness. The
vaccine produced during World War 11 was effective
against both Type A and Type B influenza viruses.
The flu vaccine was licensed in 1945 and, after
World War I1, it was also used for civilians.
Produfing effective ﬂu vaccine is fomplz‘mted because
the Type A virus has a number of subtypes and, as
new subtypes appear and circulate in the human
popula[ion) vaccine fornmlutions must be [/mnged to
protect people against the new subtypes. Today’s flu
vaccines are 70 to 90 percent effective in reducing a

person’s chances of getting the ﬂu,
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World War Il poster, 1941-1945

Courtesy of National Archives and Records Administration

WorLD War II AND THE
Postwar PEr1OD

Many of the scientific advances in the early

1940s were driven by the need to provide US.

military personnel in World War II with the
best medical care possible, including ready
access to safe blood products and the best

possible protection against disease.

Developing Essential Blood Products

In 1940, shortly after the start of the German
offensive in Europe and at the request of
American Red Cross, American biochemist
Edwin Cohn and his Harvard colleagues began
to develop methods for blood fractionation,
the separation of blood plasma proteins. By
the summer of 1941, using alcohol-water mix-
tures, they were able to prepare albumin, glob-
ulins, fibrinogen, and fibrin—all useful blood
proteins. The albumin was particularly impor-
tant, because it could be given to the wounded
to restore blood volume, reducing the risk of
shock resulting from blood loss. On December
7, 1941, a small supply of albumin was on
hand, which was immediately flown to Pearl
Harbor where it proved to be extremely bene-
ficial to people suffering from shock and low

blood protein as a result of severe burns.



During World War 11, the Division of
Biologics Control established standards for
manufacturing plasma and albumin, and
supervised their production in commercial
establishments. The Division issued licenses
for several blood fractionation products,
including albumin, globulins useful for blood
grouping, immune globulins (called gamma
globulin at the time), fibrin foam and throm-
bin (clotting agents used to control bleeding
during surgery), and fibrin film (used in sur-
gery as a substitute for the outermost mem-

brane covering the brain).

be destroyed. If the Rh-negative person is
given additional transfusions of Rh-positive
blood, the concentration of antibodies may
become high enough to cause a serious or fatal
reaction. Thus, in addition to knowing a person’s
A, B, O, or AB blood group, it is important to
know whether the Rh factor is present. The

Laboratory of Biologics Control issued the
In 1940, almost four decades after the discov-
ery of the A, B, O, and AB blood groups, Karl

Landsteiner and Alexander Wiener found

first licenses for Rh typing serums in 1947.

another important characteristic of blood—a
protein called the Rh (rhesus) factor—in the
blood of rhesus monkeys. The Rh factor is
also present in humans in 85 percent of
Caucasians, and in an even larger percentage of
African Americans and Asians. If blood from
a person with the Rh factor (Rh positive) is
transfused into a person without the Rh factor
(Rh negative), antibodies can form in the Rh-
negative person that cause the Rh-positive

blood cells to clump together and eventually

Elimination of Jaundice Virus From Blood Plasma

During World War I1, the demand for human blood plasma (the liquid portion of the blood in which the solid com-
ponents are suspended) for America’s military personnel was huge. The Division of Biologics Control (DBC) had
rz’spomibility Sfor setting up safety standards and supervising the prodwtion of blood prodmts by commercial labora-
tories. Blood plasma, blood serum (plasma in which fibrinogen, a clotting agent, bas been “used up” by clotting the
blood), and serum albumin (a protein) were among these products. Although blood products without doubt saved
many lives, they were found to have potential bazards. In 1942, 28,000 military personnel, injected with a yellow
fever vaccine prcpun’a’ with human blood serum as a slabilizing agent, dﬁve[opm’ a disease then named jumzdim
Obvious symptoms were yellowing of the skin and eyes. One bundred people died. There was a strong possibility that
some unknown fa[tor in human blood was causing the disease. T fmsj in the middle g‘ wartime prodwlion gf blood
p[asmu on a massive smle, the DBC was faa’,t{ with the urgent need to find a way fo guarantee its Sﬁyfcly. By con~
ducting careful research, three DBC scientists, Jobn Oliphant, Alexander Gilliam, and Carl Larson, showed that
pz’ople who were inoculated with blood serum from jaundite—iry‘?’rlfd patients also developed ]’aundifz; but that the
disease was not Sp'/ma’ by pm’sozm[ contact. The cause @‘ the ]mmdiff appmmd to be an ttnidmlﬁied virus. The yellow
fever vaccine likely had been contaminated by the blood serum of donors who either had unrecognized disease or were
simply carriers of the virus. Because blood plasnm Sfrom individual donors was gcm’mlly ”poolz’d,”orw donor infe[ted
with the virus could contaminate an entire batch of cither p[usma or serum derived from the plusma. The DBC
scientists found that the jmmn’i[e-[mtsing virus was heat resistant. Also, it was too small to be removed from blood
products by using filters. Next, Oliphant, working with biophysicist Alexander Hollaender, conducted research in
which ultraviolet radiation appmrt’d to kill the virus in blood serum and plasnm. In April 1949, ﬂgululions were
issued by the Laboratory of Biologics Control (LBC) requiring that human blood plasma and serum be irradiated.
Studies conducted by Oliphant and Roderick Murray in the LBC in the early 1950s, however, showed that some
jatmdife (n’named /pralz‘lis) cases were still bfing transmitted lk‘/ottgb transfusions. In later years, researchers identi-
ﬁed both kepatitis B virus and kepatitis C virus as possib[e contaminants in blood prodmts . Ton’ay, all blood donors
are tested for hepatitis B and C to prevent contaminated blood from being used for transfusions or for the manufac-
ture of blood products.

American troops wait for medical
treatment, Normandy, 1944
Courtesy of National Archives and
Records Administration

Wounded soldier after receiving
blood plasma, 1944

Courtesy of National Archives and
Records Administration

World War Il soldier receiving
blood plasma infusion, 1945
Courtesy, National Archives and

Records Administration



Improving Existing Biologics

During the war years, all U.S. military person-
nel received shots for tetanus, typhoid fever,
and smallpox. Also, tremendous quantities of
vaccines for typhus, yellow fever, cholera, diph-
theria, and plague as well as antitoxins and
serums for various other diseases had to be
manufactured to immunize those who served
in areas where these diseases occur. The
Division of Biologics Control had to be cer-
tain that the requirements for each product
helped ensure that it would be safe, pure, and
effective against the disease. In some cases, this
meant improving existing products by refining
standards, developing better potency tests, or
finding new ways to purify a product. For
instance, in 1941, the Division licensed a new
vaccine for typhus—a disease caused by a kind
of bacteria called rickettsia. The vaccine was

given to U.S. military personnel in southern

Child coughing from Pertussis infection

Courtesy of World Health Organization

Europe and North Africa. Typhus had caused
devastating epidemics in World War I, but
only 64 cases occurred among U.S. military

personnel in World War 1L

The typhus vaccine was the first rickettsial
vaccine; it was produced by growing the bacte-
ria in fertilized hen’s eggs (chick embryo), a
new technique at the time. This technique was
also used to make vaccines for viral diseases
such as mumps. In the general effort to improve
biologics, the Division of Biologics Control
also conducted important research on pertus-
sis (whooping cough) vaccine, rabies vaccine,
methods for sterility testing (to assure that
biologics were not contaminated by bacteria),
and causes of pyrogenicity (fever reactions),

particularly as related to blood products.
The Public Health Service Act (1944)

In 1944, laws relating to the Public Health
Service (PHS) were revised and consolidated
into the PHS Act, which helped to define the
shape of medical research after World War II.
The 1902 Biologics Control Act was incorpo-

rated into Section 351 of the 1944 Act with Courtesy of National Library of Medicine

Testing the Potency of Pertussis Vaccine

Pertussis, also known as ”wboopz'ng fougk,” isa potmtially dmd/y respiratory infection that most [ommon[y affects
children. The illness can last for weeks and is characterized by a severe cough; some infected children are left with
permanent iielirologifa] danmge, and some die. Alz‘/;otgglz scientists had been trying to deve[op a pertussis vaccine since
the early 1900s, the difficulty in assessing its potency was a major stumbling block. Scientists bad not been able to
develop a potency test for pertussis vaccine, because they were unable to establish pertussis infection in a laboratory
animal. In 1944, Margaret Pittman, at the Laboratory of Biologics Control, found that she could infect mice with
pertussis by injecting pertussis bacteria into the mouse brain. She then used this /enow[fdgf to test the potency of a
pertussis vaccine. Pittman first gave vaccine to mice in small, medium, and large doses. Several days later, she injected
them with a Qreater than lethal quantity of pertussis bacteria. This prorefiiw provided the data she needed to set up a
vaccine potency standard based on a “50 percent dose”—that is, the dose of vaccine that would result in the survival
of 50 percent of mice infected with a certain number of pertussis bacteria. On January 1, 1949, manufacturers
begmz using this “mouse protection tcst”for detcmiining pertussis vaccine potency. Further, to make vaccine prepara~
tion easier, Pittman prfpmﬂd an opacity standard for pertussis vaccine that could be used to estimate the number of
bacteria in a vaccine, instead of laboriously counting the bacteria under a microscope. To do this, she adjusted the
cloudiness of a suspension of gluss pm‘ti[lﬂs until it ﬂxa[lly matched, as measured with an optiml instrument, the
cloudiness of a standard vaccine in which bacteria had been t{m’[t/y counted. The glﬂss pmticlf preparation was a’esig~
nated as the US. Opacity Standard and later was used as the International Opacity Reference Preparation.
Mm:gare[ Pittman was “a woman scientist abead (_)f her time” and was considered a “world-renowned expert on the

subjm of pfmtssis,”M(ort{ing to ]olm Robbins, fm’mm‘//\i with the Bureau of Bz’o[ogz‘(s.




Pyrogenicity Testing for Blood Products

In the early 1940s, intravenous therapy using blood
and blood products increased significantly because of
the many wounded soldiers who needed treatment
during World War 1L Occasionally, pyrogenic (fever)
reactions occurred after this therapy. At that time,
scientists already knew that distilled water could
contain pyrogens—fever-producing substances—of
bacterial origin and that intravenous solutions pre~
pared using contaminated distilled water could pro-
duce fever. In fact, by November 1942, a ULS.
Public Health Service n’gulation rfqmmf that all
distilled water must be pyrogen-free. To investigate
pyrogenicity in blood prodmts, Margaret Pittman
and Thomas Probey, at the Division of Biologics
Control, studied the pyrogenicity of 28 types of bac-
teria isolated Sfrom blood p[usnm by using a rabbit
pyrogen lest. Tkry 1'1'1jfftfd the material to be tested
into the ear of the rabbit. If the animal’s temperature
rose over the next few /70W5, the material was judged
to be pyrogenic. Pittman and Probey found that all
of the bacteria were capable of producing fever, but
because the effects of various types of bacteria dy‘—
fm‘m’ wz’de[y, 51'171}7[)) measuring the number of
bacteria in plasma could not predict the pyrogenicity
fy( the plasma. Gram m’guriw bacteria were the most
pyrogenic of those tested. Their study also showed
that bacterial growth in plasma enbanced pyrogenici-
ty. Based on these findings, Pittman and Probey
collaborated with manufacturers to help define
produrtion tf[}miques that resulted in pyrogen-free

blood prod ucts.

few changes. One important change was that
the Laboratory of Biologics Control was now
authorized to license biological products as
well as the establishments in which they were
produced. After 1944, the authority of the

Laboratory of Biologics Control came from
Section 351 of the 1944 Act and from certain
sections of the 1938 FD&C Act. Further, the
1944 Act provided new authority for the PHS
to manufacture biologics, should such a need
arise. In 1948, the Laboratory of Biologics
Control became part of the National
Microbiological Institute within the National
Institutes of Health.

A Significant Advance

One postwar research advance that significant-
ly influenced the future of biologics was made
in 1949 at Boston Children’s Hospital, where
scientists successfully grew a human virus—
the Lansing Type II poliovirus—in human
tissue cell culture. The ability to grow human
viruses easily and safely outside of a living
host was a breakthrough that led to an explo-

sion of research in vaccinology, beginning

DiscoveEry aAND CHANGE:
1950 THROUGH 1980

The 1950s, 1960s, and 1970s were dynamic
years for biologics regulation, characterized by
exciting scientific advances as well as legislative
and organizational changes. Vaccine research
tlourished because of the new techniques for
growing viruses in tissue culture. The polio
vaccine developed by Jonas Salk in 1954 was
the first licensed vaccine made using a virus
grown in this way. Preparation of vaccines for
other viral diseases soon followed, including
measles, mumps, rubella (German measles),
and rabies. In addition, many important
changes took place in testing and regulating
blood and blood products. In 1972, the
authority for biologics control moved from
NIH to FDA. During these 30 years, the
number and variety of biologics—and the

challenges of regulating them—continued

in the 1950s. This advance might be consid- to grow.
ered a forerunner of the almost unimaginable
discoveries and changes relevant to biologics
that would occur in the second half of the
20th century.
Jonas E. Salk and

Edward R. Murrow

Courtesy of National

Library of Medicine



President Franklin D. Roosevelt and three polio patients
in Warm Springs, Georgia, 1925
Courtesy of National Archives and Records Administration

The Cutter Incident

US. President Franklin D. Roosevelt, who suffered the paralytic effects of poliomyelitis (also called polio or infantile
paralysis), initiated a “War on Polio” during bis administration. He created the National Foundation for Infantile
Faralysis (NFIP), a fund-raising organization, to ensure that money was available for scientists to conduct research
on the cause and prevention of polio. Concerted efforts were directed toward finding a vaccine for this incurable,
infectious disease. Poliovirus was Smfessfully grown in tissue cell culture in 1949, and live poliovims vaccine pro~
duced from virus grown by this method was successfully tested in humans in 1950. Jonas Salk, funded by NFIP,
began his polio vaccine research in 1951. By 1954, a large field trial of vaccine developed by Salk, using inactivat-
ed (killed) poliovirus, was conducted in American children. Trial data showed the vaccine to be both safe and effec-
tive. On April 12, 1955, the Public Health Service issued licenses for commercial manufacture of polio vaccine to
six companies that had al‘rmdy been prodming vaccine for the fifld trials. Written pro[orols for vaccine prodmtion
and safety testing, submitted to the Lubomtory of Bz’o[ogics Control [Jy the companies, were the on[y [egu/ require~
ment for licensing. Over the next two weeks, approximately 40 batches of manufactured vaccine were released by the
government for distribution. Unexpetledly, on April 25, polio was reported in a vaccine recipient. One day later,
five more cases were reportfd, All cases had received vaccine produfea’ by Cutter Laboratories. On April 27, the
Laboratory of Biologics Control requested that Cutter Laboratories recall all vaccine and the company did so imme-
diately. On May 7, the Surgeon General recommended that all polio vaccinations be 5uspendﬁd pmding inspection of
each manufacturing facility and thorough review of the procedures for testing vaccine safety. The investigation found
that live polio virus bad survived in two batches of Cutter vaccine. In fact, Cutter Laboratories bad discarded a
number <_>f other vaccine batches because live virus was present, but there was no requirement for them to report such
difficulties. Overall, 260 cases of polio were attributed to Cutter vaccine; these included 94 vaccinees and 166
close contacts of vaccinees, with 192 cases being paralytic. Reappraisal of virus inactivation and safety testing proce-
dures led to improved prodmtion [ezbnigues, and developmmt c_)f more sensitive and better-controlled testing methods

to ensure fonsislmlly safe vaccine. nge—smle polio vaccinations resumed in the fall of 1955.

The Cutter Incident was a dgrining moment in the /}islory of the manufacture and government oversight of vaccines. It
occurred because the rigorous safety precautions that were used in the field trials—wbhich included repeating all vac-
cine safety tests in three d_zﬁfermt laboratories and confirming all nmm_tfattmers’ability fo prepare fonsiszenz[y safe
vaccine—were not required Sfor the prodmtion of [ommerfz‘ally-p‘fodmed licensed vaccine. In addition, the prototols
providrza’ by the manufacturers did not providt fnougb information for safety evaluation. Clmrly, the Qovernment
needed to strengthen its role in bz‘olo(gz’fs regu/ation, The Cutter Incident led dz'mtly to an expansion of the Public
Health Service’s biologics control function. By order of the Surgeon General in 1955, regulation of biologics, which
had resided in the Labomtmy of Bio[ogifs Control, was tmnsffﬂfd to the mwly created Division of Biologi[s
Standards, an independent entity within the National Institutes of Health. Also, regulations were strengthened,

requiring more precise expcrimmml testing to assess the Spyfely (y( vaccines.
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The Story of Polio Vaccine

A great deal of research was devoted to find-
ing a vaccine to prevent polio. This highly
contagious disease, which often had paralytic
effects, affected more than 20 people per
100,000 in the United States in 1953.
Anyone who was a child or a teenager before
or during the early 1950s may remember not
being allowed to go to crowded places such as
swimming pools or movie theaters during
summer or early fall, when the chances of
“catching” polio were greatest. Polio was a
highly publicized and greatly feared disease.
The American public was extremely eager to

have a vaccine.

As with all new vaccines, Salk’s polio vaccine
(a “killed” vaccine given by injection) had to
be tested in human trials to show that it was
safe and effective before it could be licensed.
The National Foundation for Infantile
Paralysis (NFIP) took on the responsibility
for testing the polio vaccine. The Laboratory
of Biologics Control had no legal role in the
testing. Because of the large amount of polio
vaccine needed, it was manufactured by several

pharmaceutical firms. And, because these

Poliovirus Type | Mahoney
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firms had problems producing consistently safe
vaccine—some batches of vaccine contained
live virus—strict safety requirements were put
into place by the NFIP, as recommended by its
Vaccine Advisory Committee, a group of emi-
nent physicians and researchers. All commercial
vaccines had to be tested in three different lab-
oratories. Also, the manufacturer had to be able
to produce 11 consecutive batches of vaccine
that did not contain live virus; otherwise, none

of the vaccine could be used.

The field trial to test the Salk vaccine began in
April 1954 in more than 1,800,000 children,
the largest test using human subjects in the
history of medical science. Thomas Francis, a
highly respected scientist, was chosen by NFIP
to design and direct the trial, and evaluate the
trial results. On April 12, 1955, he reported
the vaccine to be 80 to 90 percent effective,
and stated that the Salk vaccine’s safety was
“powerfully affirmed.” The Public Health
Service immediately issued licenses allowing
polio vaccine distribution. Unfortunately, the
strict safeguards used in producing vaccine for

field testing were not required in commercial

Polio Virus
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production. The only legal requirement for
licensing was submission of a company’s writ-
ten protocols for vaccine production and for
safety testing to the Laboratory of Biologics
Control. The rush to distribute vaccine proved
to be a tragic mistake that resulted in the loss
of many lives, an event known as the “Cutter
Incident.” Afterwards, improved production
and testing procedures were implemented to
ensure the safety of Salk’s vaccine and, begin-
ning in fall 1955, it was used widely in the
United States.

Even though the Salk vaccine was generally
successful in preventing polio, some scientists,
including Albert Sabin, believed that a weak-
ened, live-virus vaccine would provide longer-
lasting immunity. Sabin developed a live polio
vaccine in the mid-1950s. His vaccine, which
was given by mouth, was tested in a large field
trial in the Soviet Union between 1957 and
1959. By 1962, the Sabin oral polio vaccine
was licensed in the United States and endorsed
by the American Medical Association. It
became the primary vaccine for polio preven-
tion worldwide by the end of the 1960s. One
drawback of the Sabin vaccine was a small
possibility of paralysis from the live virus. By
the mid-1970s, data showed that about 10
Americans per year developed paralytic polio

Albert B. Sabin
Courtesy of National Library

of Medicine

from the live vaccine. Even so, Sabin oral vac-
cine continued to be used, primarily because it
was the most effective means of protection for
the population, but also because its oral
administration was convenient. With wild
polio on the brink of eradication throughout
the world, in 1999 the decision was made to
revert to use of an inactivated polio vaccine
for routine childhood polio

vaccination in the United States.

Girl with polio
in leg brace



Organizational Changes

In 1955, as a result of the Cutter Incident, the
Laboratory of Biologics Control was raised to
division status within NIH, to strengthen and
expand its biologics control function. It
became the Division of Biologics Standards,
an independent entity composed of seven lab-
oratories. The Division continued to oversee
the control and release of biologics until
1972, when, in reaction to its not having insti-
tuted an effectiveness review equivalent to that
performed for drugs, it was moved from NIH
to FDA and renamed the Bureau of Biologics.
The merger with FDA was logical, because a
“biological product” under the 1944 PHS Act
also falls within the jurisdiction of the 1938
FD&C Act. The appropriate provisions

of both Acts were skillfully used to regulate

biologics.

Amendments to the Food, Drug,

and Cosmetic Act

Certain amendments to the 1938 FD&C Act
during these years affected biologics. In 1951,
the Durham-Humphrey Amendment defined
the kinds of drugs that could not be used
safely without medical supervision and
required them to be sold “by prescription
only” And, in 1962, Congress passed the
Kefauver-Harris Amendments after thalido-
mide, a new sleeping pill used Widely in
Europe, was found to cause birth defects. It
has been claimed that there were between
10,000 and 20,000 babies born disabled in
Europe as a consequence of the drug, but

numbers vary among sources. FDA had kept
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thalidomide from being marketed in the
United States. But, as part of a pharmaceuti-
cal company’s investigational trial, physicians
gave the drug to more than 20,000 U.S.
patients, 624 of whom were pregnant. There
were 17 documented cases of American chil-
dren born with defects caused by thalido-
mide—ten from the U.S. trial and seven from
thalidomide obtained in Europe. To prevent
similar calamities, the 1962 amendments
strengthened the regulations for drug safety
and for testing drugs in clinical trials. Also,
they required manufacturers to provide
“substantial evidence” that their drugs were
effective for the intended use. Further, they
required that drugs must be manufactured
using “good manufacturing practices,” required
inspection of commercial manufacturers once
every two years, and required annual registration
of manufacturers. These amendments also

applied to blood banks.

Testing Blood for Hepatitis B

Hﬂpalitis B is a viral disease that occurs worldwide.
The virus is fomzd in body f/m'ds of peop[c’ who
clearly have infections, as well as people who are car-
riers of the virus but show no /zfpun'lz's symptons.
Unlike hepatitis A virus, which is commonly spread
by ingesting the virus in contaminated food, hepatitis
B virus is transmitted mostly tbrotgk injection—for
exammple, by blood transfusion or by sharing needles
among drug users. Research in the 1950s confirmed
that post-transfusion /chﬂtitis can be caused 17)7 cither
whole blood or plasma from virus carriers. Around
1970, methods for the detection of hepatitis B virus
Smfaa’ anrzgen (HBSAg) were dﬂwloped that could
be used to screen blood for the virus. Test kits for
HBsAg were first licensed by the Division of
Biologics Standards (DBS) in February 1971 and,
in November 1971, DBS published a requirement
that all blood collected under license must be tested
for HBsAg. Licensing by DBS was initially
n’qmwd Sfor blood banks engagcd in interstate skz'p-
ment of blood, but not for blood banks that operated
only within state borders. On July 1, 1972, the
requirement that the HBsAg test be performed on all
blood collected under license became effective. As tech-
nology improwd, more sensitive tests for HBsAg
were developed and licensed. By December 1975,
all registered blood establishments were required to
use these more sensitive tests. This requirement was
more comprebensive than the one that became effective
in 1972, because “registered” establishments included
those involved in interstate s/n'pmenl of blood and
those operating only within state borders. In the early
1970s, the risk of contracting some form of hepati-
tis from a unit of blood was as }ng/; as six to ez;g/zt per
cent. Now, the risk of contracting hepatitis B from a
pint of blood is about 1 in 200,000.




Legal Action Against Blood Banks

The first prosecution of a licensed blood bank occurred in 1962, when the Division of Biologics Standards brought
suit against Jobn Calise and the Westchester Blood Bank in New York, for altering the expiration dates on whole
blood to dates that were [Myond the 2 l~n’ay expiration date requirement. This was /keﬁrsl liligmion (71'o1¢gkl against
a manufacturer under the Biologics Control Act of 1902. Calise pleaded guilty and, in 1964, was convicted on
three counts of misbmnding] three counts of fa[sa ]ﬂlwling, two counts of S}Jipping an unlicensed i’io[ogim] p?’odmt,
and one count of conspiracy. He was placed on probation for five years and forbidden to take part in the manufac-
ture, distribution, or sale of any biologics, including blood products. This case represented the first time a court bad
declared that blood was a drug, as defined by the FD&C Act of 1938. There were other prosecutions of blood
banks in the 1960s. For instance, in 1963, an outbreak of hepatitis was linked to the commercial Paterson Blood
Bank, Inc., (PBB) in Paterson, New Jersey. Investigators traced the likely sources of the contamination to tattooing
and to blood sold by known narcotics addicts to a local unlicensed blood Zmnk, that sold the blood to PBB. ln‘]u]y
1964, the president of PBB was found guilty of selling blood from an unlicensed bank in interstate commerce, as

well as falsely labeling blood with dates past the 2 1-day expiration date. The PBB also was convicted of numerous

(/m;ges) i)l[ludmg ml’s[ﬂbfling blood that was reactive for sypkilis as beiﬂg nontreactive.

The Challenge of Regulating
Blood Products

The Laboratory of Biologics Control issued
the first blood bank license and the first
license for interstate shipment of blood to the
Philadelphia Blood Bank in 1946. Regulating
blood products posed considerable challenges
for the Laboratory and, after 1955, for the
Division of Biologics Standards. For example,
they licensed only facilities that shipped blood
between states; thus, they had no control over
blood banks operating within states. Also,
mislabeling blood products and altering the
expiration dates (to increase profits) was easy
for commercial blood banks. And, interpreta-
tion by the courts of the laws regulating blood

products was not entirely consistent. For

instance, in 1968, a Dallas blood bank was
found guilty of mislabeling Whole Blood and
Red Blood Cells shipped in interstate com-
merce. A Court of Appeals overturned the
guilty verdict on the basis that Citrated Whole
Blood (blood containing an anticoagulant) and
Red Blood Cells were not products similar to
a therapeutic serum and so could not be regu-
lated under the 1944 PHS Act. Because of
this decision, the terms “blood, blood compo-

nents, and derivatives” were inserted into the

1944 PHS Act in October 1970.

After establishment of the Bureau of Biologics
within FDA in 1972, the agency reviewed the
safety, effectiveness, and labeling of all previ-
ously licensed biologics. Regulatory activity
increased, especially for blood and blood
products. Interstate blood banks were still
licensed under the 1944 PHS Act, but all
intrastate blood banks (operating only within
states) were subject to the 1962 Kefauver-
Harris Amendments. By 1973, the Bureau had
oversight of almost 7,000 blood facilities. In

Andrew Young
performs ultracen-
trifugation studies to
detect changes that
occur during the
storage of blood

derivatives, 1964

addition, regulations were published in 1973
that required licensing of all establishments
that collected blood plasma by plasmapheresis,
that is, by harvesting the plasma and returning
the cells to the donor. And new regulations in
1975 established standards (good manufactur-
ing practices) for the operation of all blood
banks. By December 1975, all registered blood
establishments were required to test for hepati-
tis B with tests of third-generation (meaning

the highest) sensitivity.

John S. Finlayson, PhD,
CBER Office of Blood
Research and Review.
In the 1950s-1980s he
conducted research on

plasma proteins.



Ensuring Effectiveness of

Allergenic Products

Allergenic products include allergen patch
tests—diagnostic tests applied to the surface
of the skin, and allergenic extracts—injectable
products, made from natural substances, used
to diagnose and treat allergic diseases such as
“hay fever,” food allergy, and bee venom aller-
gy. Very important research on allergenic prod-
ucts, particularly allergenic extracts, began in
the 1970s in the Bureau of Biologics. As
explained by Harold Baer, former Chief of the
Laboratory of Allergenic Products, “although
there were hundreds of allergenic products,
and many were injected into numerous people,
these were the only products for which there
were no standards.” To address this issue,
Bureau scientists developed laboratory tech-
niques for measuring the activity of allergenic

extracts, linked these results to effectiveness of

Mixed pollen grains
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DNA molecule
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the extracts in humans, and established stan-
dards for the extracts that had to be met by
manufacturers. A scientific review of the hun-
dreds of allergenic extracts that were being
marketed in the United States in the 1980s
found that about 240 products had no aller-
genic activity. These ineffective products were
gradually removed from the market over the

course of a decade.
Noteworthy Achievements

Several events of global significance that
occurred between 1951 and 1980 deserve
mention. First, in 1953, James Watson
(American) and Francis Crick (British) deter-
mined that the structure of DNA, the mole-
cule that holds genetic information, is a “dou-
ble helix.” They also realized that this structure
could make copies of itself. Because genes are
made of DNA, these discoveries were the
foundation for the development of biotech-
nology—the manipulation of genes and genet-
ic characteristics of living things. In the early
1970s, scientists discovered how to insert for-
eign genes into bacteria, a huge scientific
advance that set the stage for producing bio-

logics by using “biotech” methods.

The development of hybrid cells, commonly
called hybridomas, by Georges Kshler
(German) and Cesar Milstein (Argentine) in
1975 was another scientific advance that had
significant consequences for biologics and for
modern medicine. These scientists physically
fused cancerous mouse plasma cells (plasmacy-
toma cells) with mouse lymphocytes (cells
responsible for immunity) to form the hybrid
cells, which could survive indefinitely in tissue
culture and produce specific antibodies. Their
research laid the foundation for large-scale
production of monoclonal antibodies. In this
process, plasmacytoma cells are fused with
spleen cells from a mouse that has been immu-
nized against an antigen of interest. Only a
few of the hybridomas (about I in 500) will
produce antibodies to the antigen. Once a
hybridoma “clone” is selected, however, it can
be grown in large quantities and an unlimited
amount of specific “monoclonal” antibodies
can be made for the diagnosis and treatment

of disease.



In addition, the global eradication of smallpox
was accomplished during this period, an effort
that had its beginnings in 1950 when the Pan
American Sanitary Organization made a com-
mitment to eradicate smallpox in the western
hemisphere. The World Health Organization
(WHO) undertook an initial global eradica-
tion program in 1959, but the results were
disappointing. Then, in December 1966,

encouraged by the commitment of the Centers
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for Disease Control (CDC) of the PHS to
wipe out smallpox in Africa, WHO funded an
intensified, well-organized global program to
eliminate smallpox worldwide within ten years.
CDC staff directed the worldwide effort and
also conducted the program in Africa. The last
naturally occurring case of smallpox was
reported in Somalia in October 1977, In May
1980, WHO announced that worldwide elimi-
nation of the disease had been achieved. The
elimination of smallpox illustrates how effec-
tive international collaboration can be in

improving human health.

Protection Against Rubella

Rubella (German measles) is a usually mild viral disease that most often affects children and young adults. But, it
is a very dangerous disease for pregnant women, particularly during the first three months of pregnancy. The virus
can be transmitted to the unborn child, resulting in abnormalities such as cataracts, deafness, beart defects, and men-
tal retardation. A global epidemic of rubella that started in Europe in 1962 spread to the United States in 1964,
causing an estimated 12.5 million cases in this country and birth defects in about 20,000 children. The need for a
rubella vaccine was clear, and many in the scientific community were working on the problem. In 1963, Roderick
Murray, MD, the founding Director of the Division of Biologics Standards (DBS), hired Paul Parkman, MD,
who had discovered rubella virus while working at the Walter Reed Army Institute <j Rtsmr[/:, to start a rubella
program. Dr. Parkman teamed with Harry Meyer, Jr, MD, already at DBS. By 1966, they were able to report
that they bad developed the first effective experimental vaccine for rubella. They bad weakened the rubella virus by
m[)jetliﬂg it to 77 passages in primary African green mon/«:y kidney cell cultures over two years and then tested its
effectiveness in rhesus monkeys. When the monkeys were inoculated with the weakened, live virus, none of them
developed rubella or transmitted the disease to monkeys that had not been inoculated, and they were solidly protected
against infection with the wild virus. Based on these results, Parkman and Meyer prﬁpared a weakened, live vaccine
Sfor human testing and inoculated 34 children. None of the children developed rubella; also, the children did not
transmit the vaccine virus infection to any of their 30 playmates who had not been inoculated. Parkman and Meyer
made the weakened virus, the Sfirst mrfessful experiﬂwnml rubella vaccine, available to other scientists interested in
rubella research. Based on their success, the first rubella vaccines were licensed in 1969. These vaccines, and the
current vaccine that was approved a decade later, bave been strikingly successful in controlling rubella. By 1988,

there were only 225 reported cases of rubella in the United States.

Paul Parkman

and Harry Meyer,
developers of the
rubella vaccine, 1966
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Discovery aND CHANGE:
1981 THROUGH 2000

During these years, scientific achievements and
challenges related to biologics came fast and
turiously. To keep pace with rapidly changing
technology, new discoveries, and the difficulty
of regulating an ever-growing number of bio-
logic products, organizational changes trans-

formed the Bureau of Biologics into CBER, as

it exists today.

Screening Blood for HIV

The blood supply plays a vital role in the American bealth system, and CBER is responsible for ensuring the safety
of that supply. The appearance of AIDS in the United States in 1981 threatened the safety of the U.S. blood sup-
ply, because the Human Immunodeficiency Virus (HIV) that causes AIDS is found in the blood of people with the
disease, as well as in the blood of people who have been exposed to the virus but who are not yet ill. HIV was not
identified as the cause of AIDS until 1984. There are two types of HIV: HIV-1, found worldwide, and HIV-2,

found mostly in West Africa. Once HIV was identﬁed and characterized, scientists were able to develop tests to

detect HIV in blood. In 1985, CBER licensed the first test kit to screen donated blood for antibodies to HIV-1
(the presence of antibodies means the individual bas been exposed to HIV-1) and licensed a more accurate test, the
Western Blot Test, in 198 7. Since the mid-1980s, screening tests for both HIV-1 and HIV-2 bave been continu-
ally improved. CBER published regulations in 1987 that required HIV screening, with tests that detect HIV anti-
bodies, of all blood and blood plasma collected in the United States. “With the advent of the screening tests for HIV,
enforcement and compliance activities focused on ensuring that blood establishments were tondufting the screening lests
properly....” according to Steven Masiello, Director of CBER’s Office of Compliance and Biologics Quality. In
March 1996, the first antigen test kit for screening blood for HIV-1 was licensed. It is used in addition to HIV
antibody tests. HIV antigen appears in the blood of an HIV-infected person about one week earlier than HIV anti-
bodies, which usually appear within three months after infection. Thus, an HIV-antigen test reduces the “window”
period, when blood could be HIV-infected, but still have negative antibody tests. It has been estimated that HIV-1
antigen screening prevents five to ten cases of AIDS per year. In 1985, the risk of HIV infection from a blood
transfusion was 1 in 2,500. By the mid-1990s, the risk had decreased to only about I in 500,000. In
February 2002, CBER licensed the first nucleic acid-based test for HIV and Hepatitis C virus, decreasing the
risk fwtker to only about 1 in 2 milllion. So, even t})ougk blood produ(ts are not tompletely ris/e~free, the risk of

contracting HIV iry‘eftion from receiving a blood tmn{fusion is very small.

A New Era in Biologics

During the latter part of the 20th century,
research in biotechnology and genetics revolu-
tionized methods for making biologics.
Additionaﬂy, advances in biotechnology led to
the identification of many biological mole-
cules important in disease processes, and thus
to the identification of many potential new
biological products. These new technologies
and products raised important new regulatory
challenges. Working with the broader scientific
community, CBER scientists and physicians
helped ensure that new production and testing
methodologies were developed and implement-
ed in a manner that produced safe, pure, and
potent biologics. While leading to important
further advances in vaccine development and
blood safety, these advances also led to devel-
opment of a range of biologic products that
have made major contributions to all branches
of medicine. Biologic therapeutics licensed in
recent years have revolutionized the treatment
of heart disease, cancer, serious infections,
arthritis, anemia, hemophilia, multiple sclero-

sis, and many other diseases.

As the 21st century approached, CBER
licensed a broad array of new biologic prod-
ucts. Examples of these products include new
biotechnology-based drugs; new vaccines for
typhoid, rabies, hepatitis A, and chickenpox;
acellular pertussis vaccines, which cause fewer
adverse side effects than whole-cell pertussis
vaccines; and combination vaccines, such as
the ones that protect against Haemophilus b
disease, diphtheria, tetanus, and pertussis.
During this time CBER also licensed the first
HIV test system for which blood samples may
be collected at home; a device that concen-
trates adult blood stem cells from bone mar-
row; and Rh, (D) Immune Globulin
Intravenous, the first human blood product
approved for both intravenous and intramus-

cular use.

HIV virus
Courtesy of National Institutes
of Health



The Biotechnology Revolution in Medicine

In recent years, bioz‘a/mology has fa[ilimted the idmty‘imtion] dﬂvelopﬂwm, and p?‘oa’mtion cf new bi’olqgif t/)cmpm—
tic prodmls that have swbstamiaﬂy advanced nmrly all areas fy‘ medicine. The mortalz'ty rate due to beart utta(/cs, a
leading killer of Americans, was substantially veduced by the use of several fibrinolytic agents, licensed by CBER,
that /Jflp clear clots from coronary arteries. An anti—plﬂtﬂ]f[ agent licensed by CBERJ ab[i’xt’mah has Ségfzy(ifan[])r

T’L’ﬂlﬂa’d l})i’ 7710‘/{7!‘41‘@-](‘/0771 Plall’[t’f aggn’galz’m [})ﬂl’ [OT?lplf[ﬂtL’S mamny coronary P”I’O[L’[llifﬁ’t’s.

In oncology, biologic therapeutics have ushered in a new era of therapies that target specific tumor cells. Monoclonal
antibodies 1'nfl¢¢diﬂg trastuzumab, which targets antigens on some breast tumors, and rituximab and alemtuzumab,
which target antigens on some /ympbomas and leukemias, have become valuable and important cancer tkfmpics.

Ibritumomab tiuxetan is the first CBER-approved biologic employing a monoclonal antibody to target a lethal

mdioisotope to a tumot. Biologif agents also have been [‘rilimﬂy important in adjun[tivﬂ t/;ﬂmpy g( cancer patients.
Colony stimulation Sfactors, such as sargramostim and ﬁ'{gmstim, are used alone and with stem cell lmnsplmzts, for
example, bone marrow transplants, to increase white blood cell production and thereby decrease the risk of infections
associated with cancer t/;empy. Eryrk‘fopoietins wgulale red blood cell p‘fodmtion and have an important role in the

treatment of anemia associated with renal failun’ or cancer.

Treatment of rheumatoid arthritis, a debilitating disease, has been revolutionized by biologic agents that bind tumor
necrosis factor, an mdogmous substance involved in Joint destruction. These and other mzti~inﬂammatory agents are
now under study for the treatment of many rheumatologic and autoimmune diseases. Antibodies that suppress immune

responses by largellng T ]ympbogu‘es play an mzpormnl role in pmvmting and mm‘ing rejmz‘on g‘ organ gr@fls.

New bio/ogz'(s have providfd bmgﬁls for patients with many prevz'ows/y untreatable diseases. Inmferon beta produ[ts
prevent exacerbations and slow progression of multiple sclerosis, and alteplase, a fibrinolytic agent, belps restore cir-
culation to the brain in patients with stroke. lntq‘feron ab(u produfls were the ﬂrsl approwd l/zfmpies jor kepatitis

G an important cause of 77101’[71'[{1'!)', and remain the backbone of lbfmpmli( regimens for Hepatitis C.

Dcspite the use ty( mzz‘ibiotifs) severe scpsis has been faml in more than 30% ty( cases. Droz‘ﬂ%fogm alﬁz, a geneti~
mlly%r{ginm’fd activated protein C, is the Sfirst dmg shown to reduce the morla/ity associated with the most severe
Sforms of sepsis. Infliximab, an antibody against tumor necrosis factor, was the first therapy specific for Crobns’
discasz; an irzﬂmmrmtmy bowel disease.  Dornase ab‘a is an enzyme that /Je]ps clear the thick ]wzg secretions that
impair lvn’at};ing in patients with cystic fibmsis, Interferon gamma is a fytoki/lf that kf[ps correct the 1'nmwmodzj‘i~

ciency of chronic granulomatous disease, and de[ays disease progression in severe nmlzgimnt osteopetrosis.

The Challenge of AIDS

The blood supply plays a vital role in the
American health system. Almost four million Immunization

Americans receive transfusions of blood prod-

ucts every year. The emergence of acquired > ;O

immunodeficiency syndrome (AIDS) and dis- Antibody-

- - - forming cell
covery of the human immunodeficiency virus orming cetls

(HIV) that causes AIDS had serious implica-
tions for the safety of the US. blood supply.
In August 1981, there were 108 reported cases
of AIDS in the United States.
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Between 1981 and December 2000, a total of
774,467 cases of AIDS were reported to
CDC. The growing presence of AIDS and
HIV meant that CBER had to protect the
public against unsuitable blood and blood
products by strengthening existing safeguards
and developing new safeguards specific

for HIV.

In 1985, soon after HIV was identified as the
cause of AIDS, CBER licensed the first test
kit to screen donated blood for HIV. As tech-
nology progressed, improved test kits were
licensed and became available for use. In 1988,
CBER started to inspect regulated blood and
plasma donor facilities every year, rather than

every two years. Today’s general safety measures

Quality control testing on blood
grouping and typing reagents, 1967

for protecting the U.S. blood supply include
screening donors by interview, checking
donors against a list of persons not eligible to
donate blood, testing all blood donors for
HIV, human T-lymphotropic virus (HTLV),
hepatitis B and C, and syphilis before making
the products available for use, and reviewing
and monitoring any problems reported by
blood establishments. As the operations of
blood establishments have become more com-
plex, CBER’s oversight has adapted to the
times. For example, CBER now regulates
blood establishment computer software as a
medical device, because of its critical role in
managing and storing blood-related and

donor-related information.

The Recombinant Factor VIII
Breakthrough

Factor VIII is a protein found in small quantities in
the blood; it helps blood to clot. A deficiency of Factor
VIII causes bemophilia A, a disease characterized by
spontaneous bleeding that is difficult to control.
Traditionally, buman blood plasma was used as a
source of Factor VIII concentrates used to treat
hemopbilia A. In 1984, however, scientists identified
and isolated the gcm—t/w part cj human DNA—
that contains the 1'?1511'11[11’0145]07’pron’mlion cj
Factor VIIL. Once they were able to copy this gene in
the Zdbomtory] it was possib]ﬂ to prodtw the Factor
VIII protein by using a “recombination” process,
referred to as recombinant DNA technology.
Scientists linked the Factor VIII gene into a circular
strand of DNA (a plasmid) and then inserted the
plasmid into a nonbuman host cell that was very
similar to a buman cell and that was gmm‘imlly
engineered in the laboratory for this purpose. The
plasmid moved to the host cell’s nucleus, where genetic
information is stored, and mmgrd or recombined
with the DNA already in the nucleus. Thus, the
buman Factor VIII gene became part of the host cell’s
genetic 77mkmp, Host cells containing the Factor VIII
gene were placed in a large vat called a bioreactor,
and given nutrients to promote growth. As the cells
grew, they produced Factor VIIL Scientists separated
the Factor VIII from the bost cells by using several
purification steps. Finally, they sterilized the pure
Factor VIIL, dispensed it into sterile vials, and
ff’C€Z£’~ﬂI1’f£’d it to form a powdfr. Recombinant Factor
VIII was first introduced in 1992. Because this
prodz/z(t does not use blood plasma as its source, there
is no risk of fomaml/ml1'01'1]‘/01)1 vimsasfotmd in
human blood. Recombinant Factor VIII is one

EXE!HZPZL’ OJ[ a é’l‘OZOgl‘[ f}}ﬂf can now [M’ I'IMHWC[Z([”‘H’CZ

[’)' (n'ote[/mo[ogy.

From the Bureau of Biologics to CBER

During the 1980s and 1990s, an unprecedent-
ed number of organizational changes took
place in transforming the Bureau of Biologics
to CBER. These changes all were aimed at
achieving the most efficient regulation of rap-
idly-evolving biologic products. In 1982, the
Bureau of Biologics was merged with the
Bureau of Drugs to form the National Center
for Drugs and Biologics (NCDB). In 1983,
the biologics component of NCDB became
the Office of Biologics Research and Review
(OBRR) within the Center for Drugs and
Biologics (CDB). It soon became clear that the
regulatory programs for biologics and drugs
could be managed more effectively if the pro-
grams were housed in separate organizations.
So, in 1988, CDB was divided into two new
Centers, CBER and the Center for Drug
Evaluation and Research (CDER). At the
close of the 1980s, it was evident that CBER’s
traditional workload of blood and vaccine
products was changing to include biotechnolo-
gy-derived products, as well as therapeutic
products such as cytokines (non-antibody
proteins that are part of the immune response
to an antigen) and monoclonal antibodies
(antibodies, for specific antigens of interest,
produced by hybridoma clones grown in tissue
culture). To streamline operations, CBER was
reorganized in 1993 with separate program
offices for vaccines, blood, and therapeutic
products. Each office had both research and
review responsibilities for their product areas.
Also, separate offices were established to deal
with manufacturer compliance and establish-
ment licensing; these offices provided support

to the product offices.

As a result of additional reorganizations since
1993, CBER now oversees biologics regulation
through the coordinated efforts of eight
offices: Office of Vaccines Research and
Review, Office of Blood Research and Review,
Office of Therapeutics Research and Review,
Office of Cellular, Tissue, and Gene
Therapies, Office of Compliance and
Biologics Quality, Office of Communication,
Training, and Manufacturers Assistance,
Office of Biostatistics and Epidemiology, and
Office of Management. In addition, the
CBER Facility for Biotechnology Resources
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The Potential of Human Gene Therapy

Human gene therapy, an exciting and controversial area of biomedical research, refers to using normal genes or
genetic material to either rfplafﬂ or cancel out d{ﬁ’[tive genes in a person’s bod/v, in an effort to treat or cure the dis-
ease or medical condition caused by the dg‘mive genes. Gene tkm‘apy is [i/ef[y to be most mmssful in diseases that
are caused by defects in single genes—for example, hemopbilia, cystic fibrosis, and hemaglobin disorders. Instead of
giving Factor VIII, a protein that }Je]ps blood fougulatc, fo a person with /mnop/}z‘liu, it may be possiblﬂ to repla[e the
defective Factor VIII gene in the person’s cells with a Factor VIII gene that works. The cells would then produce
Factor VIII and the hemophilia would be cured. “Of course, that’s a long way off;” cautions Philip Noguchi, MD,
Acting Director of the Office of Cellular, Tissue, and Gene Therapies at CBER, who also declares that such cures
are “really the promise of what gene therapy hopes to offer”

Most current gene T/Jempy research is being done using somatic cells ( norwprodmtive fﬂ/ls); the genes in these cells are

not passed on to the next generation. NIH researchers W, French Anderson, MD, R. Michael Blaese, MD, and
colleagues used the first approved gene therapy procedure to treat a four-year-old girl, in September 1990, and a
nine-year-old-girl, in January 1991, both of whom bad a disease called severe combined immune deficiency
(SCID). This disease is caused by a gene defect that vesults in defective T cells, which are one type of white blood
cells responsible for immunity. Children with SCID usually develop overwhelming infections and rarely survive to
adulthood. The researchers removed T cells f‘fom the girls, grew the T cells in the ]a[)omlory, inserted the normal gene
into the T cells, and then injected the genetically modified T cells into the girls’ bloodstreams. This procedure strength-
ened the girls’ immune systems, enough so that they bad only an average number of infections and could attend public
school. Bl/tl‘, it was not a cure. The mody‘ied T cells only worked for a number gf mont/)sy so the p‘forﬂdwe had to be
rfpmfm’ pf'fz'odz’m[/)‘, This research illustrates Just one way to rfplaa’ dgﬁ’ffz've genes; many other tf(/miqws can possi~
bly be used and are being studied, as appropriate for the particular disease. As Dr. Noguchi explains, gene therapy
tfr/mz‘gms and vaccination lff/miqms have somctkmg in common — "It is the whole idea of mktng that which causes
the disease, fkanging it into somffking that you can control, and using that entity it:eﬁ‘ fo try to treat the disease.”
Gene therapy research is growing rapidly. Presently, CBER is overseeing more than 200 gene therapy studies, but

has not yet licensed any human gene l/)ampy prodml.

(FBR) began operation in 1995. The FBR
can be used by all CBER staff, and has the
scientific expertise and sophisticated equip-
ment needed to provide specialized reagents
and services to CBER scientists and to sup-
port CBER’s evaluation of methods used by

biotechnology companies.

Also, CBER s part of the National Vaccine
Program (NVP), created by Congress in 1986
to coordinate immunization activities. This
program is a collaborative effort among all of
the groups that have key roles in immuniza-
tion, including federal agencies, the public,
state and local governments, health care
providers, and vaccine manufacturers. Major
NVP goals are to develop and implement
strategies for achieving the highest possible
level of prevention of human diseases through
immunization, as well as the highest possible
level of prevention of adverse reactions to

vaccines.

Fast Performance Liquid Chromatography for
purification of recombinant proteins



CHALLENGES FOR THE
21ST CENTURY

Enormous challenges face CBER in its role as
steward for the many diverse and innovative
biological products, generated by combining
biomolecular research and sophisticated tech-
nologies, that are being submitted by manufac-
turers for approval to enter the marketplace.
More than 650 new biological products were
developed in 2000, compared with 350 in
1990. More than half of the new products
now being developed have their origin in
biotechnology. In regulating new product
areas, CBER's scientists must routinely develop
appropriate laboratory and clinical methods to
ensure the safety and effectiveness of new
products. To do this, they must keep up to
date with the rapid progress taking place in
cutting-edge science. Even in older product
areas, the technologies for production and
testing continue to advance, and regulatory

approaches must evolve to meet new chaHenge&
Challenging Areas of Research

Biomedical research areas that are receiving

much attention include:

m human gene therapy—using normal
genes or genetic material to either replace or
cancel out the defective genes in a person’s
body that are responsible for a disease or

medical problem
m human cell and tissue

transplantations—for example, hematopoetic

stem CCH transplantation
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m xenotransplantation—transplanting

organs or tissues from animals into humans

B emerging/re-emerging infectious
diseases—HIV, tuberculosis, Mad Cow

m development of genetically-engineered
(transgenic) plants and animals—that are

able to produce vaccines and drugs

m production of vaccines and blood

tile couples have children. In recent times, sci-
entists have developed innovative methods,
some derived from biotechnology, that hold
promise for enhancing and expanding the use
of human cells and tissue in therapies for seri-
ous diseases and conditions such as cancer,
diabetes, Parkinson’s Disease, AIDS, hemo-
philia, and anemia. Existing cellular and tissue-
based products and their potential uses are too
diverse for a single set of regulatory require-

ments to be appropriate for all. Therefore,

clotting factors—from genetic material such

as DNA

m genomics—the study of genes and their

relationship to disease

m proteomics—the study of all proteins in

living cells, especially protein changes in disease.

Emmanuel F. Petricoin, PhD

The rapidly growing number and variety of CBER

cellular and tissue-based products, and the reg-
ulation of these products will pose a continu-
ous challenge for CBER in the 21st century.
For many years, tissues have been transplanted
in a wide range of procedures, such as skin
replacement after severe burns, repair of
injuries with tendons and ligaments, replace-
ment of defective heart valves, restoration of
eyesight using corneas, and use of human Lance A. Liotta, MD, PhD

semen and implantation of eggs to help infer- National Institutes of Health

The NCI-CBER /FDA Clinical Proteomics Program

Proteomics is the smdy of all proteins in [1'ving cells. A new program, the Clinical Proteomics Program, announced
in July 2001 by the Food and Drug Administration (FDA) and the National Cancer Institute (NCI), will
apply proteomics directly to patient care. Led by Lance Liotta, MD, from NCI's Center for Cancer Research, and
Ermmanuel Petricoin, PhD, from CBER, the Program will use new, powerful technologies in an innovative
approach that could possibly revolutionize cancer detection and care. Liotta and Petricoin have identified more than
130 proteins in cells of the brmsf, ovary, prostate, and [’SOP/JLZthS that f}mngc in amount when the cells grow abnor-
ma//y. This information may /:flp to providf new ways of diagnosz‘ng and treating cancer in earlier stages of the dis-
case, when there often is a better chance of cure. Specialized equipment was developed in Liotta’s laboratory that can
scan cells for hundreds g‘ proteins at once and generate prolein ifingerprinls’for the cells. The scientists are analyz-
ing protein patterns in normal and precancerous cells to find clues about why and how precancerous cells develop,
and are examining tumor cells before and after treatment to determine bow the treatment affects cell protein patterns.
In addilion, t/;ey are lookingfor protein patterns in blood that ng/»‘ signa] the presence of cancer. In Fﬂbmmy
2002, the researchers reported that, using a special computer program, they have been able to recognize blood protein
patterns that readily distinguish between women with and without ovarian cancer; they correctly identified 50 out of
50 ovarian cancer patients and 63 out of 66 women without cancer. An exciting finding in this Smdy was the
ability to correctly identify early-stage ovarian cancer, difficult to detect by other means. Currently, four out of five
ovarian cancer patients are diagnosed at a late stage of disease; these women have, at best, only a 20 percent chance
of living for five years after diagnosis, compared with 95 percent for women who are diagnosed with early-stage
disease. In addition to n’iagnosing cancer, and possibly other diseases, at earlier stages than is now possib/e, potmtia[
benefits of the Clinical Proteomics Program include: developing individualized treatments that have been predeter-
mined to be effective for the patient; determining toxic side effects and beneficial effects of treatments in the laboratory
lv;fon’ using them on patients; and improving the tmdfrsta/l[/l’lg of tumors at the protein level /mdz'ng to dfw/opmmt
of better treatments. Clinical trials using proteomics to belp make decisions about patients’ experimental treatments
have bcgtm refently as part of this “bench~to-bedside” clinical research program. A[fording to Dr. sz"rlfom] pro-

teomics could “change the shape of how medicine is practiced.”
1




CBER has developed a new framework for cell
and tissue regulation that will provide a uni-
fied approach to the regulation of both tradi-
tional and new products. CBERs goal is
twofold: to ensure that innovation and product
development can proceed in the rapidly grow-
ing area of cell and tissue research without
being hindered by excessive regulation, and to
ensure that cell and tissue-based products pro-
vide the assurance of safety that the public has

come to expect from products regulated

by CBER.

Vaccine research and regulation also will con-
tinue to be a challenge in the 21st century. At
the end of the 20th century, the number of
new technologies available for making vaccines
increased dramatically, building on rapid
advances in many areas, including molecular
biology, recombinant DNA technology, poly-
saccharide chemistry, protein chemistry, purifi-
cation methods for large molecules, analytical
techniques, virology, bacteriology, and
immunology. As a result, CBER must regulate
a wide variety of vaccine types, ranging from
vaccines made by using the whole cell of an
organism to vaccines that are essentially

pure chemicals.

New microorganisms are constantly emerging
and known microorganisms are constantly
changing. Emerging infectious diseases—those
that have newly appeared or have existed but
are rapidly increasing in incidence or geo-
graphic range—include tuberculosis, malaria,
hepatitis C, Lyme disease, AIDS, hantavirus
pulmonary syndrome, ebola, and West Nile
virus disease, among others. Vaccines have yet
to be produced for many of these diseases.
Even influenza can be considered an emerging
infectious disease, because influenza viruses
change from year to year. The effort to protect
people against new and changing infectious
microorganisms is “a never-ending battle,”
according to Neil Goldman, PhD, CBER’s

Associate Director for Research.

Mad Cow Disease

The scientific name for “mad cow disease” is bovine spongiform encephalopathy (BSE). BSE belongs to a group of
diseases called transmissible spongiform encepbalopathies (‘ISEs). There are no validated treatments or preventive
vaccines for ISEs; tkey appear to be inwzrialv[yﬁta[, In these diseases, which occur in both animals and in pﬂop[ﬁ,
the brain develops a sponge-like appearance. Also, a unique abnormal form of a normal protein called the prion
protein is found in the brain tissues. Abnormal prion proteins are believed lﬁy many authorities to be the agents that
cause TSEs, but little is known about how they work. TSEs can be transmitted between animals, for example, cow-
to~cow or skc’fp~fo~[ow, and between animals and humans. BSE was discovered in cattle in the United Kz’ngdom in
the mid-1980s. It appears that the disease was spread by feeding cattle with supplements containing infected animal
tissues and byproducts. In 1996, a new kind of TSE was found in people in the United Kingdom; this disease is
now called vCJD because it is a variant of Creutzfeldi-Jakob disease (C]D), a known TSE that affects people
worldwide, about one case per million people each year. Investigation revealed that the likely cause of vCJD in people
was eating contaminated beef products made from cattle with BSE. At present, more than 115 people in Europe,
mostly in the United Kingdom, have died from vCJD. It can take many years for symptoms of vCJD to become
noticeable, so it is not known how many more people may be infected with the disease agent. TSE agents are excep-
lionally resistant to destruction. U)fy are not [omplc[f[y a’mn‘oym’ by the same methods that dcstroy bacteria and
viruses. Fortunately, there is no evidence of cither BSE or human cases of vCJD contracted in the United States. As
part of its mission to protect the public, CBER is evaluating methods for preventing exposure of Americans to agents

of these diseases, espmaﬁy as a result of blood transfusions or tissue lmmp[mltmion,

FDA-NCI Clinical Proteomics Program
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Innovative vaccine research is making progress
in the development of “edible vaccines” and
genetic (DNA) vaccines. Both edible vaccines
and genetic vaccines have several advantages
over traditional vaccines. They are unable to
cause infection, are relatively easy to generate
in large quantities, and are stable during stor-
age. Edible vaccines are produced by genetical-
ly altering the edible parts of plants. Antigens
have been produced in plants for rabies (in
tomato), Norwalk virus (in potato), hepatitis
B virus (in potato), and cholera (in potato),
and testing in humans is under way. Banana is
being investigated as a possible vaccine delivery
food because it can be eaten raw and appeals

to children.

Raj K. Puri, MD, PhD, and Philip D. Noguchi,
MD, CBER, conduct DNA analyses on

microarray system

Most genetic vaccines being investigated are
made using DNA. Many of these vaccines
consist of plasmids (small rings of DNA) that
have been altered to carry genes that specify
one or more antigens made by the disease-
causing organism. The vaccines can be deliv-
ered by injection. Once inside the body’s
cells, the plasmids travel to the cell nucleus
and instruct the cell to produce the antigens.
Then, these antigens trigger the body’s

immune system.

Cancer vaccines are another promising area of
vaccine research. There are various tumor-asso-
ciated antigens (TAAs) present on tumor cells
that are absent or present in only very small
amounts on normal cells. One example is car-
cinoembryonic antigen (CEA), produced by
colon, breast, lung, gastric, and pancreatic can-
cers. When used to vaccinate cancer patients,
the TAAs can elicit a response from the
immune system that is directed at the tumor
cells. Some gene therapy studies involving can-
cer are actually based on the principle of can-
cer vaccines. Researchers have introduced genes
that code for immune hormones into tumor
cells to make the cells more reactive to the

patient’s immune system.

The new analytical methods of DNA microar-
ray technology, which provide scientists with
information on thousands of genes simultane-
ously, and proteomics, the study of all pro-
teins in Iiving cells, are powerful new research
tools. They have tremendous potential for clar-
ifying the complex causes of infectious disease,
providing new diagnostic tests, contributing to
the discovery of innovative medicines and vac-
cines, and assisting in the standardization of
biologics. Because of advancements in
genomics and proteomics research and tech-
nology, it is likely that biologics in the 21st

century will be tailored on a molecular basis.

Ethical Concerns

Several current clinical research areas have
raised ethical and societal concerns that lie
outside of CBER’s primary responsibility for
safety, purity, potency, and efficacy of biologi-
cals. For example, many believe that gene ther-
apy is acceptable if applied to somatic (nonre-
productive) cells, but are less willing to accept
gene therapy if applied to germ (reproductive)
cells, because germ cells carry the genes that
are passed on to the next generation. Others
believe that any kind of gene manipulation is
wrong, including development of genetically
engineered plants and animals, because of pos-
sible unforeseeable long-term effects that may
be harmful to either human health or the envi-
ronment. Stem cell research using human
embryos also has raised concerns. A stem cell
is a human cell that may be derived from an
embryo, fetus, or adult. Human embryonic
stem cells are unique in that they are capable
of continuous self-renewal and have the ability
to give rise to most cell types that constitute
the human body. It is important that research
using human embryonic stem cells proceed
responsibly and ethically, especially when used
in clinical trials. Xenotransplantation also has
raised ethical dilemmas because of the risks of
transmitting infectious agents from animals to
humans, particularly certain viruses that may
remain inactive or hidden for many years
before they cause disease. Ethical and societal
issues such as these lie beyond CBER's legal
responsibility. However, CBER cleatly has a
role to play in the public discussion of

these issues. For example, CBER has ex officio
membership on the NIH Recombinant

DNA Advisory Committee (RAC) and the
HHS Secretary’s Advisory Committee on
Xenotransplantation (SACX). CBER has
restructured its own Biological Response
Modifiers Advisory Committee (BRMAC) to
discuss issues such as the above in the context
of clinical trials using experimental products.
CBER is committed to continued public par-
ticipation in discussions of novel products
that have enormous potential clinical impact,

yet also present novel ethical issues.



Stem Cell Research

Stem cell research is M‘z’m‘ing great excitement armong
scientists because gf its pozmtla[ for d@vc[oplng new
ways to prevent and treat disease. Stem cells are cells
t/mtgmw well in the ]ul?omtory and can a’yj‘ﬂmzlimf
into spfmz/izm’ cells for pm{tim[/y every kind of tis-
sue in the body—for z’xamp[f, skin cells, heart muscle
ff[]s, or blood cells. Stem cell research is iﬂzpormnt to
science and to advances in health care Sfor several
1easons. L"ndz’rsmlzdug how stem cells dgfﬁ’mmiﬂlt’
can /M]p scientists understand wky cells sometimes
dew/op in abnormal ways, as in cancer or birth
defects. Also, stem cell lines could be used to test the
safety and effectiveness of new drugs before the drugs
are tested in animals and pr’op/e. Z‘_z'na[[y, and per~
/mps most important, stem cells could be stimulated to
fknge into xpma]izz’d cells that could be used for
“cellular therapies.” The specialized cells could be used
to treat diseases and conditions such as Parkinson’s
and Alzheimer’s diseases, Spina[ cord injury, burns,
heart disease, diabetes, and arthritis. For mcamp[c, in
diabetes, specialized cells in the pancreas called islet
cells cannot make insulin 7'101'nmﬁy, so insulin injec~
tions are needed. Now, there is evidence that if “good”
islet cells are transplanted into the pancreas, enough
insulin is pmdumd so that injections become unneces-
sary. (,fm‘rmt/); stem cell pmr/mts are 1‘Eglft/mf[/ (ﬁy
CBER as biologics. As stem cell research continues,
CBER will continue to dfwlop standards and regu-

Zdtl’OIlS appropriatz’for stem [(’/[ P?’Od“[l&

Quality and Safety Issues

Quality and safety issues related to biologics
will continue to have high priority in the 21st
century. For instance, the need to identify,
detect, and either remove or inactivate harm-
ful, infectious agents (such as bacteria, viruses,
or parasites) in biological products will remain
a challenge. Fortunately, the availability of
sophisticated analytical tools is making it easi-
er to identify and detect contaminants, and to
characterize products. An example is the
“mutant assay by polymerase chain reaction
and restriction enzyme cleavage” (MAPREC)
that was developed at CBER. This assay can
detect a specific molecule in the poliovirus
that determines whether the virus will cause
the paralytic form of polio. The assay is being
made part of the World Health Organization’s
testing requirements for live oral polio vaccine

to help ensure a consistently safe vaccine.

Konstantin M. Chumakov, PhD, CBER, conducts

MAPREC research on polio vaccine
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The public wants quick translation of bio-
medical discoveries into biological products.
The need to develop standards for licensing
new biologics that ensure that new products
are safe, pure, potent, and effective, and are
produced according to current good manufac-
turing practices—while meeting the demand
for rapid availability—will be a continual

challenge for CBER.

Global Considerations

The world-wide elimination of smallpox in
the late 1970s was a major victory for interna-
tional public health efforts. However, there is
much more work to be done on the global
scale. For instance, elimination of paralytic
polio in all countries presents technical and
logistical challenges. Also, safe and effective
vaccines that can be used in global immuniza-
tion efforts to prevent major infectious dis-
eases such as tuberculosis, malaria, and AIDS

are urgently needed, but are difficult to devel
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op. Even if safe and effective vaccines for these
diseases become available, the process of mak-
ing the vaccines accessible for everyone, espe-
cially in developing countries, will be fraught
with major challenges, both fiscal and logisti-
cal. Public health organizations worldwide,
including CBER, will be working to meet

such challenges.

International harmonization of regulatory
requirements for medicinal products, including
biologics, is essential. Without harmonization,
different technical requirements among coun-
tries make it necessary for industry to conduct
numerous similar tests on new products before
the products can be marketed internationally.
This increases the time that it takes to move
discoveries from the laboratory to products
that benefit the public. Since 1990, the
International Conference on Harmonisation
has coordinated international efforts to
achieve common or compatible approaches to
regulation. CBER takes part in numerous
international harmonization activities in the
areas of developing international standards,
providing technical assistance, providing edu-
cation and information, and participating in
the development of trade policy and free trade
agreements. The Center will continue to take
an active role in addressing challenges present-
ed by the harmonization of biologics regula-

tion in the 21st century.

Porcine Endogenous Retrovirus (PERV) isolated
in fresh pig lymphocytes by Carolyn Wilson,
PhD, and colleagues at CBER
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Xenotransplantation

Xenotransplantation is any procedure in which live cells, tissues, or organs from a nonbuman animal source are
tmnsp/anw/, lz'zlplanter/, or 1'1y[115fd into a buman. In addition, prom/m‘es that use human boz{’y ﬂm’r/sj cells, tissues,
or organs that have had contact with live nonbuman animal [61/5) tissues, or organs are dzﬁm’d as xenofmrzsp/anm—
tion. The increasing interest in xmolmmplﬂlzmtion is parll)‘ because the demand for human organs foa‘ l;’amp[ﬂrztﬂ~
tion is much greater than the supply. Today, in the United States, 13 patients dic each day while waiting for organ
transplants. Also, evidence suggests that transplantation of cells and tissues may be beneficial for certain diseases—
for instance, ﬂpilﬂpsy, diabetes, and dfgmm‘aliw mmro[ogiml diseases such as Parkinson’s disease—and buman cells
and tissues are not usually available. Although the potential benefits of xenotransplantation are great, there are also
risks. For example, animal cells, tissues, or organs might harbor infectious agents such as bacteria or viruses that
could cause disease in the transplant recipient and /or contacts of the recipient. Philip Noguchi, MD, Acting Director
of the Office of Cellular, Tissue and Gene Therapies at CBER, emphasizes that in xenotransplantation, “the first
question is, how do you test for what’s infectious?” Some infectious agents may remain dormant for many vyears,
lnj(ore tf}f/v_ﬁna[]y cause noticeable disease. Further, an infectious agent that does not cause disease in an animal may
cause serious disease in a buman transplant recipient or even be fatal. Research conducted at CBER bas been impor-
tant for understanding the safety issues associated with xenotransplantation. CBER scientists are conducting studies

on known and mnmgiﬂg iiy(ﬂflious agents, and on problmzs related to organ and tissue 7'cj£f[ion that need to be solved

[7(—’/[01‘(’ XL’HOM‘ﬂHSpZ&lIl[d[l‘OIl P7’Od%[l$ can {)L’ MSE[/ Sc—lft’l)‘ tlfl[/ t_’fff’[[ﬂ'f[y.

Countering Bioterrorism

CBER has had, and will continue to have, a
key role in countering bioterrorism. The
Center is responsible for the development and
licensing of biological products to prevent,
diagnose, and treat outbreaks from exposure to
pathogens that have been identified as possible
biological warfare agents. CBER staff must
guide these products through the review and
approval process before marketing is permit-
ted. CBER coordinates its activities in coun-
tering bioterrorism with those of the
Department of Defense and other compo-
nents of the Department of Health and
Human Services. Developing effective means
that can be quickly put into use to protect the
public against bioterrorism in the 21st century

is critical.
CONCLUSION

If Joseph Kinyoun, the first director of the
Hygienic Laboratory, could view CBER now,
he might consider it to be a creation of sci-
ence fiction—the changes in technology dur-
ing the 20th century have been that remark-
able. But then again, he might merely smile
and reflect on CBER's remarkable achieve-
ments and on how the Biologics Control Act,
and the union of scientific research, law, and

regulation, have made CBER what it is today.

Although today’s thoroughly modern CBER
bears little physical resemblance to the modest
Hygienic Laboratory of the late 19th century,
its approach to protecting the public health is
just the same as that used by the Hygienic
Laboratory and the other organizations that
were part of the evolution leading to CBER.

This approach, based on science and law, has

succeeded admirably over the past 100 years
and provides the bedrock foundation for

CBER’s march into the next century.

Dr. Zoon predicts, "The next century will be
very exciting and very challenging. There will
be an explosion of new products—new drugs,
new therapies—even cures, that, until recently,
were only the dreams and aspirations of physi-
cians and scientists. In the next 100 years, or
sooner, we can expect to have an AIDS vac-
cine, a safer blood supply, perhaps synthetic
blood, and safer tissue products. Advances in
tissue engineering will lead to bio-engineered
replacement parts. We will have new and more
effective treatments for cancer, Alzheimer’s,
and other devastating diseases. The fruits of
proteomics and genomics research will pro-
duce customized medicines that have maxi-
mum therapeutic benefit and less harmful

side effects.

Our biggest challenge will be to make sure
that when we repair, replace, restore, or regen-
erate normal body function, we do so in the
safest, most effective, and most ethical way
possible. In the last ten years, CBER has laid
the groundwork to meet the regulatory chal-
lenges posed by these new and potentially pro-
found biomedical discoveries. CBER's role in
the next 100 years is to continue to advance
the public health, do the very best job it can,
involve the public, and always do the right
thing. We welcome the future and look for-
ward to continuing to fulfill our mission to

protect and enhance the public health."
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